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Abstract 
This thesis describes the use of both, a carbanion Payne type rearrangement and r(dienyl 
and 1]5 -pentadienyl iron tricarbonyl complexes in organic chemistry. 
A carbanion, Payne type rearrangement has been developed and its reactivity investigated, 
with the subsequent trapping of a series of aldehydes or imines. The results are 
disappointing with no desired tetrahydrofuran, tetrahydropyran or pyrrolidine containing 
molecules synthesised, although reasons for this are discussed. 
A novel 1,3-dipole containing a 1]5 -iron tricarbonyl pentadienyl complex was synthesised 
on opening of a cyclopropane, subsequently trapping with a series of aldehyde and imines 
to efficiently form tetrahydrofuran and pyrrolidine ring structures, respectively .. 
This methodology was extended in the absence of the iron speCIes, with the [3+2] 
cycloaddition resulting in tetrahydrofuran and pyrrolidine structures. The absence of the 
metal complex gave rise to the tetrahydrofuran compounds offering different selectivities to 
that when, in the presence of iron. Further studies and manipulation of the pyrrolidine 
structures resulted in the formation of a tricyclic ring structure via a Diels-Alder reaction. 
Chapter I: Provides background on the Payne rearrangement and focuses on our research I 
developing a carbanion Payne type rearrangement in order to synthesise tetrahydrofurans 
and pyrrolidines 
Chapter 2: An overview of developments of 1]4_ and 1]5_iron tricarbonyl complexes, as 
reported in the literature. 
Chapter 3: Highlights our research into the use of iron tricarbonyl diene complexes for use 
in organic synthesis. 
Chapter 4: Extension of the methodology from chapter 3, in the absence of the iron species 
to progress onto natural product type synthesis. 
Chapter 5: Provides experimental data for our studies. 
III 
Abbreviations 
Ac = acetyl 
aq = aqueous 
approx approximately 
Ar = aryl 
bda = benzylideneacetone 
Bn = benzyl 
Bu = butyl 
i-Bu (or iBu) = iso-butyl 
n-Bu (or nBu) = normal butyl 
t-Bu (or tBu) = tertiary butyl 
CAN = ceric ammonium nitrate 
cat catalyst 
cm3 cubic centimetre 
cm- I wave number 
QC degrees Celsius 
Cp = cyclopentadienyl 
Cy = cyclohexyl 
/) = chemical shift 
d = doublet 
DABCO = 1,4-diazabicyclo[2.2.2]octane 
DAST = diethylaminosulfur trifluoride 
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene 
DCM dichloromethane 
dd = doublet of doublets 
ddq doublet of doublets of quartets 
dq = doublet of quartets 
DDQ = 2,3-dichloro-5,6-dicyano-l,4-benzoquinone 
d.e. = diastereoisomeric excess 
DMDO = dimethyl dioxirane 
IV 
OME = dimethoxyethane 
OMS = dimethyl sulfide 
d.r. diastereoisomeric ratio 
e 
-
= electron 
e.e. = enantiomeric excess 
El = electron ionisation 
eq (or equiv.) = equivalent 
Et = ethyl 
EtOH ethanol 
EWG electron withdrawing group 
FAB fast atom bombardment 
g gram 
h hour(s) 
n-hexane = normal hexane 
Hz hertz 
lR = infra-red 
LOA = lithium diisopropylamide 
m multiplet 
m-CPBA meta-chloroperoxybenzoic acid 
MeOH methanol 
Me methyl 
MeCN acetonitrile 
MHz = Megahertz 
min minutes 
mL millilitre 
mmol millimole(s) 
mM = millimolar 
Mol Sieves = 4A molecular sieves 
mp melting point 
Ms = methanesulfonyl 
mlz = mass to charge ratio 
v 
MS = Mass Spectrometry 
MW = molecular weight 
n/a = not applicable 
NBS = N-bromosuccinimide 
NCS = N-chlorosuccinimide 
NMR = Nuclear Magnetic Resonance 
NMO = N-methylmorpholine-N-oxide 
nOe = Nuclear Overhauser Effect 
Nu (Nuc) = nucleophile 
P = protecting group 
Ph = phenyl 
Piv = trimethylacetyl 
PiV20 = trimethylacetic anhydride 
PKR Pauson-Khand reaction 
ppm = parts per million 
Pr = propyl 
i-Pr iso-propyl 
pTSA = para-toluenesulfonic acid 
RBF = round-bottom flask 
rt (RT) = room temperature 
s = singlet 
syn = synclinal 
t = triplet 
T = temperature 
TBS = tributylsilyl 
TBDMS = tert-butyldimethylsilyl 
TBDPS = tert-butyldiphenylsilyl 
tet = tetrahedral 
Tf = tritluoromethanesulfonyl 
Tf20 = trifluoromethanesulfonic anhydride 
TFA = tritluoroacetic acid 
VI 
THF = tetrahydrofuran 
THP = tetrahydropyran 
TIPS = tri-iso-propylsilyl 
TLC = Thin Layer Chromatography 
TMS = trimethylsilyl 
TMSD = (trimethylsilyl)diazomethane 
trig = trigonal 
Ts = para-toluenesulfonyl 
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Heterocyclic Synthesis Involving the use of a Payne Type Rearrangement 
1.0 Introduction 
1.1 The Payne rearrangement 
2,3-Epoxy alcohols rearrange under a variety of basic conditions, with inversion at C-2. 
The reaction, originally referred to in the literature as the j3-oxanol rearrangement, I is now 
generally referred to as epoxide migration2 or the Payne rearrangement] (Scheme 1). 
o ~OH Base • 
,,0 
HO~ 
3 1 3 1 
Scheme 1 
The vast majority of Payne rearrangements are carried out in the presence o.f base in protic, 
usually aqueous, media. Under these conditions2 the accepted mechanism of epoxide 
migration involves deprotonation of the epoxy alcohol to form an alkoxide, followed by 
direct intramolecular displacement at the adjacent epoxide centre. An isomeric alkoxide 
with inverted stereochemistry, which is subsequently reprotonated, is produced (Scheme 
2). 
o R~OH 
Scheme 2 
,,0 RY' 
OH 
The mechanism of the Payne rearrangement seems to depend strongly upon solvent. Using 
sodium hydride in THF to deprotonate the alcohol 1 provides no evidence of reaction, even 
after refluxing for 2.0 h (Scheme 3). However, in aqueous media using sodium hydroxide 
as a base, the migration is complete within 1.0 h at room temperature.4 Therefore, although 
epoxide migration requires deprotonation, it does not necessarily lead to the rearrangement. 
1 
NaH,THF 
I'!., 2.0 h 
no migration 
'-"N""aO::.:..H:l::a_MeoXO~ 
rt,1.0h l. 
OH 
Scheme 3 
Equilibration under protic conditions involves the protonated epoxy alcohols whereas 
equilibration under aprotic conditions with an irreversible base such as sodium hydride 
does not. Even so, there are examples of epoxide migration in the literature utilising aprotic 
conditions.s 
1.1.1 Thermodynamic vs. Kinetic control 
Theoretical calculations suggest that all epoxide migrations operate under kinetic rather 
than thermodynamic control. In the gas phase, for the anion of 2,3-epoxypropanol the 
lowest energy isomer is not the epoxide, but the oxetane 2.6 During ionisation in a mass 
spectrometer, there is enough energy to effect an equilibration among all three possible 
species (Figure 1). 
'0 
E 
~ 
w 
o 
o e ~O 
29.2 
10.8 
o 
Figure 1 
2 
In solution there is far less energy available and the oxetane isomer has never been 
observed in the solution-phase product mixture of an epoxide migration reaction. Thus, in 
solution, epoxide migration may be considered to be under thermodynamic control. 
The selectivity of opening two equilibrating epoxy alcohols is governed by the Curtin-
Hammett principle. Thus, while two equilibrating epoxy alcohol isomers may be of similar 
energy, the product of epoxide migration and opening may not reflect this. This is because 
ring opening is generally a considerably slower process than migration. Epoxide opening is 
therefore under kinetic control, with selectivity governed by the slow opening of relatively 
rapidly equilibrating epoxy alcohol species (Figure 2). 
HO~O e 
'--' X 
reaction co-ordinate 
Figure 2 
This can be illustrated by considering the examples demonstrated (Scheme 4). Treatment of 
either epoxide 35 or its rearranged isomer 47 with aqueous base leads to an approximately 
1:1 ratio of isomers. These two isomers are of very similar free energy. However, treatment 
of epoxide 3 with base in the presence of thiophenol leads to an 81 % yield of sulfide 5. 
3 
This is the product of epoxide migration to the mono-substituted epoxide 4, followed by 
selective opening at the less substituted position.8 
~N~a~O~H~,~H~20~~~__ 3 
250C,1.5h 
KOH, H20, THF ~ 
reflux, 2.5 h 
PhSH, NaOH, H20 
1,4-dioxane, 65°C, 3.0 h 
3 
• 
Scheme 4 
o 
+ 
HO",.~ l__ 46:54 
4 OBn 
+ 4 50:50 
OH 
HO",.~SPh 
l__ 81% 
5 OBn 
The pnmary considerations in epoxide migration involve (a) direction of epoxide 
equilibration, (b) selectivity in epoxide opening by nucleophiles and (c) selectivity in epoxy 
alcohol trapping by electrophiles. 
1.1.2 Direction of epoxide equilibration 
To a certain extent, the relative stability of two isomeric acyclic epoxy alcohols is 
predictable based on the substitution pattern around the epoxide. A number of examples are 
represented for which the equilibrium has been approached from both sides using aqueous 
sodium hydroxide at room temperature (Scheme 5). The ratios were determined by 1 H 
NMR spectroscopy.9 
4 
R=H R= Me 
R 
yl1 93:7 80:20 R ~OH 
OH 
R 
11 70:30 88:12 OH 
R R 
-vs 92:8 
OH 
~OH 
R 
fi 
R 
+V 56:44 55:45 
OH 
Scheme 5 
There is also significant variability in the thermodynamic product ratios due to both steric 
and electronic effects. This can be observed with a number of examples involving t-butyl9 
(6), vinyllO (7) and phenyl9 (8) groups attached to the oxirane (Scheme 6). 
6 
~OH ~ NaOH.H20 HOyAJ ~ 5:95 
,,0 
~ NaOH, H20 ~./f'...../OH -::?" "'-!. - 397 o 
7 OH 
\\0 ,,'" / DO .' = Ph ~N=aO=C=D=3~' =C=D=30=D~ Ph T T Ph P~ Ph OD 5:95 
8 
Scheme 6 
5 
There are a number of general observations relating to equilibrating acyclic epoxy alcohols 
that have been reported: 
• An isomer with higher substitution around the oxirane is favoured. 
• A trans-substitution pattern on the epoxide is a stabilising influence. A cis-
substitution is destabilising. 
• An isomer with a primary hydroxyl group is favoured. 
• Electron donating substituents on the oxirane are stabilising influences. 
• The concentration of base has little effect on the equilibrium ratio. 
1.1.3 Stereochemical considerations 
Epoxide migration involves stereochemical inversion at C-2. Extensive work has been done 
with carbohydrates demonstrating that many epoxide migrations may occur for substrates 
with more than one hydroxyl group, leading to multiple stereochemical inversions (Scheme 
7). 
o 
Br 
9 OH 
e 
CO2 OH OH ~OH_ 
11 OH 
e 
KOH. H20 
• 
rt. 5 min ~OH 
o l KOH.H20 rt. 18.0 h 10 
dI ~H O~O~OH 
H : 
OH 
Scheme 7 
e02C~ \?H 
~OH 
= '\~. 
0' 
Treatment of lactone 9 with aqueous potassium hydroxide for 5 minutes results in the 
quantitative formation of epoxide 10, the product of bromide displacement and one epoxide 
migration. However, with prolonged exposure to hydroxide, this product is completely 
6 
converted into tetraol 11, the product of a second epoxide migration, intramolecular 
opening of the epoxide by the carboxylate to form a lactone, and hydrolysis. All three 
stereocentres in the substrate having been inverted. I I 
It was also found that the solvent has to be anhydrous for effective epoxide migration. 12 A 
trace of water will result in the direct reaction of the initially formed terminal epoxide with 
a hydroxide ion, therefore competing with epoxide migration. In these cases, no 
stereocentres are inverted and the competitive pathway leads to a decrease in enantiomeric 
excess. Whenever epoxide migrations are effected in the presence of hydroxide, an 
additional stereochemical concern must be addressed (Scheme 8). 
OH ! Indirect 
OH OH 
~~~ 
OH 
OH OH ~ 
~~~ 
OH 
OH OH OH 
Direct. 
OH OH 
Enantiomers 
OH OH OH 
~~ ~ ~ ~ 
OH t OH 
OH OH 
.. ~~~ 
OH 
Scheme 8 
Specifically, when the stereocentres in the substrate consist solely of the carbons involved 
in the epoxide migration, then opening with and without epoxide migration may lead to full 
or partial racemisation.13 
7 
1.1.4 In situ trapping of nucleophiles 
The Payne rearrangement is a reversible process, which often leads to a mixture of epoxy 
alcohol isomers. In the presence of hydroxide or other nucleophiles, in situ opening of the 
equilibrating species may be observed. If such opening is desired, then epoxide migration is 
a powerful method, introducing functionality into a substrate containing a 2,3-epoxy 
alcohol moiety (Scheme 9). On the other hand, if ring opening of this nature is not 
required, then epoxide migration can be a significant problem. 
0 OH· 
Ry<1 R~OH • 
OH j1 X· 
2. W j" 2. W 
OH OH 
R~OH R . X ~ -
X OH 
Scheme 9 
Many examples of in situ nucleophilic trapping of epoxide migrations have been reported 
and the majority are intramolecular. An example by Lundt and co-workers involves the 
treatment of dibromide 12 with aqueous potassium hydroxide, creating the bicyclic ether 13 
in 70% yield via the intermediates 14 and 15 (Scheme 10).14 
8 
OH 
Br 
OH 
~ 
OH 
o:::(ft 
OH 
14 
12 
'0"8: KOH, H20 • H"~ . '''H
OH 
Br 20"C, 30 min 
13 
t 
'.~OH 
----.. O~: ----.. 
'. OH 
~ 
15 
Scheme 10 
In situ opening by alkynyl-lithium reagents in the presence of BF3.OEt2 was used in 
Soulie's synthesis of the lepidopteran pheromone 1615 (Scheme 11). Even though 
regioselectivity was only 75:25 for C-l vs. C-2 addition, the Payne rearrangement led to a 
strategy for the production of this class of compounds. 
OH 
,0, .!.n~-C~1!.!1.!:!H~23C:::::: -~~=!:!Li __ TBDMSO, A. ./'-.... . TBDMSO~OH BF30Et2 " ~ T. ~ 
OH C"H23-n 
J 
1. n-Bu,NF, THF 
2. TsCI, py 
3. K2C03, MeOH 
o 
16 
Scheme 11 
9 
1.1.5 In situ trapping of electrophiles 
Other synthetically useful manipulations are also possible utilising the Payne 
rearrangement. For instance, the anionic equilibrating species may also be trapped with 
electrophiles. This can either be in an inter- or an intra-molecular fashion and has been used 
as a means of delivering functionality to either C-2 or C-3, selectively (Scheme 12). 
~, e R-...J,./'~O 
Scheme 12 
j"E+" 
Ry<l 
OE 
A significant problem with electrophilic trapping in situ is that the anhydrous aprotic 
conditions generally employed in alkylations and silylations are specifically the conditions 
in Payne's original work3 and found not to be conducive to epoxide migration. Another 
problem frequently encountered is that, in general, the alkylation and silylation reactions 
are generally faster processes than the rearrangement which takes place, leading to no 
specific equilibration. However, there are a few reports in the literature which suggest such 
trapping is possible. In the presence of allyl bromide, deprotonation of alcohol 17 with NaH 
in THF leads to epoxide migration and alkylation of the primary alcohol, in an unspecified 
yield.!6 Silylation of 18 with trimethylsilyl chloride and imidazole followed by hydrolysis, 
effects its isomerisation to the more highly substituted epoxide 19 in 80% yield!7 (Scheme 
13). 
10 
17 
,,0 
Ph~Ph 
HO -:'Bun 
18 
~Br~ ~r= 
NaH, THF I 
1. TMSCI, imidazole, DMF 
~ 
2. H20 
Scheme 13 
o 
Ph--f>yPh 
Bun OH 
19 
The last two steps of Solomon's total synthesis of spatol, illustrates the in situ trapping of a 
Payne rearrangement product18 (Scheme 14). 
i) t-BuOK, t-BuOH 
~ 
ii) DDQ 
Scheme 14 
Treatment ofmesylate 20 with potassium tert-butoxide in tert-butyl alcohol gives spatol21, 
after oxidative removal of the p-methoxybenzyl protecting group. 
1.2 Payne rearrangement alternatives 
Adaptations of the Payne rearrangement are related reactions in which either the epoxide or 
hydroxyl oxygen has been replaced with nitrogen or sui fur. These reactions are referred to 
11 
----- -----
as aza-Payne and thia-Payne rearrangements, respectively. The term 'forward' aza- or thia-
Payne rearrangement refers to the direction of reaction leading from an oxirane to an 
aziridine or thiirane (Scheme 15). 
"forward" 
• "X HO~ ... "reverse" 
X= N. S 
Scheme 15 
1.2.1 Thia-Payne rearrangement 
All reported thia-Payne rearrangements have been in the "forward" direction, starting with 
a 2,3-epoxy sulfide. Most of these rearrangements have been carried out under Lewis-acid 
conditions. 19 For example treatment of 22 with TMSOTf (Scheme 16) produces an 
intermediate thiiranium salt 23, which is subsequently opened with pyridine to afford the 
pyridinium salt 24 in quantitative yield?O 
o ~SPh 
22 
TMson, DCM .. 
·7i1'C, 10 min 
B (!) ~Ph 
OTMS 23 
! pyridine -78DC to rt 
~ _Bon 
OTMS 0 
24 
Scheme 16 
12 
1.2.2 Aza-Payne rearrangement 
Only a few applications of the thia- and aza-Payne rearrangement have been made 
demonstrating the synthetic use of the methodology. The aza-Payne rearrangement is 
utilised in Nakai's synthesis of dihydrophosphingosine?1 The aza-Payne rearrangement of 
aziridine 25 with in situ opening by a cuprate reagent gives intermediate 26, which is 
further manipulated to give the desired natural product 27 (Scheme 17). 
~TSN KH OH • BnO (n-C'4H29hCu(CN)(MgClh 
25 
Scheme 17 
13 
OH 
~C14H2g-n 
BnO I 
NTs 26 
OH 
1.3 Results and discussion 
1.3.1 Background 
One of the valuable synthetic methods for constructing tetrahydrofurans is the cyclisation 
of epoxyalcohols. Both y,o- and y,&-epoxyalcohols can be exploited in this reaction 
depending on the preferred mode of cyclisation. For example Coxon and Hartshorn22 
reported that y,&-epoxyalcohols cyclise predominantly in a 5-exo mode, leading to 
tetrahydrofurans. Recently it was reported by Mltkosza et al. that the reaction of simple y-
halocarbanion precursors with aldehydes leads to the formation of 2,3-disubstituted 
tetrahydrofurans in a one pot addition-alkylation process?3 
With the development of the aza- and thia-variants of the Payne rearrangement, similar 
work has been carried out on carbanion type alternatives to the epoxide migration with y-
epoxy nitriles/4 sulfones25•27 and malonates.28 These have been known for over 30 years. 
This led us to a combination of these methodologies, in order to create a simple, novel entry 
into highly functionalised tetrahydrofurans. 
1.3.2 Development of y-epoxy malonate 
It was envisaged that an epoxide tethered to a malonate, could undergo a [3+2] or [3+3] 
cycloaddition with an electrophile (a trapping agent) such as an aldehyde or imine to yield, 
a range of differently functionalised heterocycles (Scheme 18). It was suggested that on 
treatment with a base, deprotonation of the epoxy malonate 28 or 29 would create a 
carbanion. A Payne type rearrangement could then set up between the epoxide and alcohol 
30 in which the malonate anion would eventually shut down the equilibrium and undergo 
attack onto the electrophile. The resultant species would then undergo nucleophilic attack, 
either at the internal or external position of the epoxide resulting in the formation of a five-
(31) or six (32)-membered heterocycle respectively. 
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Scheme 18 
R:Q02C C02R 
R' 
R2N/O 
OH 
32 
(b) 
2-0xiranylmethyl-malonic acid dimethyl ester 2829 and 2-oxiranylmethyl-malonic acid , 
diethyl ester 2930 were synthesised in one step via the epoxidation of either the 
commercially available dimethyl allylmalonate, or diethyl allylmalonate (Scheme 19). 
Scheme 19 
28 R = Me (36%) 
29 R = Et (33%) 
Initially this was done using m-CPBA, with varying yields in a number of reactions, 
ranging from 20·36%. The epoxidation of the terminal olefin proved difficult with the 
capricious reaction leading to generally poor to moderate yields. The reaction was also 
si uggish, taking up to three days. 
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The unreliability of the epoxidation when using m-CPBA prompted an investigation into 
other methods available to attempt to discover the optimal epoxidation conditions for the 
specific substrates 28 and 29 (Table 1). 
Epoxidising agent Solvent Temp Time Yield 
S.M 
0-0 
X(33) 
Acetone O°C 2-5 h 
90% 
[(('"'iM, 
c02T 
2 
S.M 
DCM/\-hO Reflux 4h 
87% 
CI'aC03H 
:?'I DCM O°C - rt 3d 20-36% 
::,.... (1-3 eq.) 
CI'aC03H 
:?'I DCM O°C - rt 12 h 15-25% 
::,.... (5 eq.) 
Table 1 
The first alternative tried was DMDO 33.31 Initially, a 0.07 M solution (approx.) ofDMDO 
was prepared in situ using acetone, sodium hydrogen carbonate and Oxone®. A solution of 
the olefin in acetone was then added dropwise to the freshly prepared DMDO. 
The reaction failed to yield any of the desired product. This may be due to two reasons: 
Either the small scale that the reaction was carried out on or the volatility of the DMDO 
especially in its preparation. A major disadvantage of DMDO is not only its volatility but it 
can only be stored for short periods, at 0"( or below under nitrogen. Also, as only a dilute 
solution can be made, a large quantity of DMDO solution is required, even for small-scale 
reactions. 
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The next procedure attempted was the use of magnesium monoperphthalate.32 Again, this 
method was unsuccessful, with TLC analysis revealing only starting material present. 
Due to the failure of these two new methods, epoxidation of 28 and 29, continued with 
unpurified m-CPBA. In an effort to increase the rate of the reaction and yield, five 
equivalents of m-CPBA were used. Although the reaction rate was increased, it was 
extremely difficult to get rid of the excess reagent due to the large quantity present. After 
repeating column chromatography several times and washing the product with 2M NaOH, 
the benzoic acid remained and could not be separated from the product hence the yield of 
pure product obtained was slightly lower than when just using I to 3 equivalents. 
On the basis of this brief study, the initial epoxidation procedure, utilising just one 
equivalent ofm-CPBA was deemed to be the optimum method. 
1.3.3 Heterocyclic synthesis via y-epoxy malonates 
With the desired starting material in hand, it was now possible to carry out a number of 
cycloaddition reactions with a range of different aldehydes in an attempt to furnish a library 
of tetrahydrofuran or tetrahydropyran ring systems (Scheme 20). A thorough literature 
search revealed no evidence of any reports of this nature. 
,o~~: o + jJ 
R' 
C02R 
_ ...... ~ R02C-h A._NOH 
R' 0 AND/OR 
31 32 
28129 
Scheme 20 
The reaction was attempted a number of times using the relatively reactive aldehyde, ethyl 
glyoxylate as the trapping agent (Table 2). Unfortunately, in each case there was no 
evidence of any corresponding oxacycle, either the five- or six-membered ring. This was 
confirmed by 'H NMR analysis. 
17 
Yield of Yield 
RGroup Base Solvent Temp 
31/32 of34 
Methyl NaH THF rt 0% 30% 
Methyl 
! 0% mol piperidine/ 2eq. 
DCM 0% 23% rt 
pyridine 
Methyl 
10% mol piperidine/ 2eq. 
DCM Reflux 0% 25% 
pyridine 
Table 2 
Although not furnishing the desired product, a new compound, 34, was isolated in all cases. 
A search into the literature revealed previous publications reporting the synthesis of 
cyclopropanolactones from y-epoxy malonates, under basic conditions.28 Therefore a 
couple of test reactions were performed to confirm the identity of the product. 
Deprotonation of dimethyl malonate by sodium hydride in THF, followed by the addition 
of epichlorohydrin initiated a double intramolecular cyc!isation reaction to form 2-oxo-3-
oxa-bicyclo[3.1.0Jhexane-!-carboxylic acid methyl ester 34 in 30% yield.33 
Scheme 21 
NaH 
THF 
OOG to rt 
.. 
30% 
Mechanistically, facile deprotonation of the malonate leads to SN2 attack on the epoxide as 
it is more electrophilic than the C-CI carbon atom. The resulting nucleophilic oxygen 
species displaces the chloride ion forming a second epoxide. Under basic conditions, the 
epoxide undergoes a rearrangement and lies in equilibrium with 2-hydroxymethyl-
cyclopropane-!, !-dicarboxylic acid dimethyl ester, 35. The product is then formed via 
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attack of the alkoxide onto one of the ester moieties. This leads to a 30% conversion to the 
by-product, the cyclopropanolactone 34 (Scheme 22). 
28 ! 35 
0 
Me02C~o 
34 
Scheme 22 
This discovery was a major limiting factor in the initial idea proposed. In conclusion, the 
original idea (Scheme 18) has been proven not to work due to the ease of nucleophilic 
attack onto the ester group moiety. The competing side reaction under basic conditions 
leads to a double intramolecular cyclisation forming the cyclopropanolactone. Further 
searches in the literature revealed similar work had been previously reported, not only with 
malonates but also malononitriles.z4 
1.3.4 Tetrahydrofuran synthesis via an intermolecular cycloaddition between two 
aldehydes 
To prevent lactone formation, it was suggested that by replacing the epoxide functionality 
with an aldehyde would provide a similar pathway for the reaction to take place whilst 
eliminating any possible intramolecular cyclisations, thus avoiding cyclopropanolactone 
synthesis (Scheme 23). 
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Base 
X-
Scheme 23 
Therefore, 2-(2-oxo-ethyl)-malonic acid dimethyl ester 3634 and 2-(2-oxo-ethyl)-malonic 
acid diethyl ester 37 were employed. They were furnished in yields ranging between 75-
81 % in both cases via ozonolysis of commercially available dimethyl allyl malonate and 
diethyl allyl malonate respectively (Scheme 24). 
R02C\C02R _1:;... -'O'""3,..........~R02C\C02R 
2.DMS 
DCM 
o 
36R=Me(81 %) 
37 R = Et (80 %) 
Scheme 24 
There are numerous reports in the literature highlighting the difficulty of using mono-
substituted malonates acting as nucleophiles and trapping aldehydes?5 Lonnberg et al.36 
reported a small number of positive results in this area, but the method was limited to the 
addition of very simple aldehydes such as formaldehyde. However following the same 
procedure as Lonnberg, a successful reaction took place between 2-(2-oxo-ethyl)-malonic 
acid diethyl ester and p-nitrobenzaldehyde at 40-50 °C in DMF using triethylamine as the 
base (Scheme 25). The desired product, 5-hydroxy-2-( 4-nitro-phenyl)-tetrahydro-furan-3,3-
dicarboxylic acid diethyl ester 38 was formed in a moderate 40% yield, as a I: I ratio 
(cis:trans) of inseparable diastereoisomers. 
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+ ) 
Et02C\C02Et 0 
R 
o 
37 
NEt3 
DMF 
40-50oC 
.. 
Scheme 25 
C02Et Et02C~ A_rOH 
R 0 
40% 
38 
Buoyed by this initial success, it was thought that it would be possible to extend the scope 
of this reaction by using a range of aldehydes to fonn their corresponding polysubstituted 
furan derivatives. 
However, when benzaldehyde was employed under the same conditions, the analogue of38 
was not furnished. On closer inspection of the NMR data, it was revealed that 2-(2,2-bis- . 
ethoxycarbonyl-ethyl)-5-hydroxy-dihydro-furan-3,3-dicarboxylic acid diethyl ester 39 was 
the resultant product, fonning in a 23% yield (Scheme 26). 
+ ) 
Et02C\C
0
2
Et 
0 
R 
NEt3 
DMF 
40-500 C 
.. 
o 
37 
R= Ph (23%) 
R = CH(CH,lz (22%) 
Scheme 26 
C02Et 
. Et02C~ 
Et02C~OrOH 
Et02C 0 
39 
It was proposed that 37 reacts with itself, as the substrate is more reactive than 
benzaldehyde. Therefore the maximum yield in this case was 50%. The reaction was then 
repeated using isobutyraldehyde. 39 was again produced in a moderate 22% yield, 
identifying the reactivity ofisobutyraldehyde as lower than that of the starting material. 
In an attempt to overcome this significant problem, it was suggested to increase the number 
of equivalents of benzaldehyde to 'force' the generation of the desired tetrahydrofuran. 
Unfortunately this proved to be unsuccessful again, with the generation of 39. A variety of 
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different conditions were then investigated, usmg three different aldehydes as the 
electrophile (Table 3). 
Ester Aldehyde Base Solvent Temp Lewis Result grou!! acid 
Ethyl p-nitrobenzaldehyde NaH THF O°C-rt 39-17% 
Ethyl p-nitrobenzaldehyde NaH THF 
O°C_ 
BF).OEt2 39-11% Reflux 
Ethyl p-nitrobenzaldehyde n-BuLi THF _78°C_rt 39-15% 
Ethyl Acetaldehyde CS2CO) DCM rt 39-14% 
Ethyl Acetaldehyde NaH THF O°C-rt 39-21% 
Ethyl Acetaldehyde Cs2CO) DCM rt- 39-19% Reflux 
Ethyl Ethyl glyoxylate NaH THF O°C-rt 39-17% 
Ethyl Ethyl glyoxylate Cs2CO) DCM rt 39-12% 
Methyl Ethyl glyoxylate DCM Reflux BF).OEt2 37-100% 
Table 3 
In the above cases, the results were conclusive, with TLC and 1 H NMR analysis revealing 
the presence of 39 only, with yields ranging from 11-21 %. The starting material was 
recovered quantitatively when using only a Lewis acid. 
In an attempt to achieve the intermolecular cyclisation, the reaction method was altered 
slightly. Previously 37 was allowed to undergo deprotonation over 5-10 min, therefore 
increasing the likelihood of reaction itself before the addition of the reacting aldehyde. In 
contrast, the new preparation involved the reaction vessel being charged with the reacting 
aldehyde and base in the appropriate solvent. 37, was then added dropwise over a period of 
30 min. 
A brief study was carried out, subjecting the substrates to different conditions (Table 4). 
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Ester Aldehyde Base Solvent Temp Lewis Result group acid 
Ethyl Benzaldehyde NaH THF O°C-rt 39-17% 
Ethyl Benzaldehyde CS2C03 DCM Reflux BF3.0Et2 39-13% 
Ethyl Benzaldehyde CS2C03 Toluene Reflux BF3.OEt2 39-10% 
Ethyl Benzaldehyde DBU DMF 40°C- 0% 50°C 
Ethyl Benzaldehyde LDA THF -7SoC 0% 
Table 4 
In both cases using DBU and LDA as the base, TLC analysis showed new, distinctive 
spots. After isolation of these components, 1 H NMR revealed unidentifiable compounds. 
However, the use of the other conditions also gave 39 in yields ranging from 10-17%. On 
the otherhand, this method does pose a problem for aldehydes which conatin enolisable 
protons. Aldol self-condensation polymerisations may interfere with the reaction pathway 
therefore restricting the choice of aldehyde used. 
Although employing this method suggests that the difference in reactivities of the two 
reacting aldehydes results in the competing side reaction, thus inhibiting the formation of 
any of the desired tetrahydrofuran. 
1.3.5 Pyrrolidine synthesis via an intermolecular cycIoaddition between an aldehyde 
and imine 
The limitation of the reaction in only being able to cyclise aldehydes more reactive than the 
starting material prompted us to try the use of imines 40 in an attempt to form pyrrolidine 
structures 41 (Scheme 27). 
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36/37 
40 
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Scheme 27 
C02R R02C~ 
J-...~OH 
R2 NR' 
41 
A number of imines were synthesised with varying electronic and steric properties. This 
was done by stirring the desired primary amine with the appropriate aldehyde in ether with 
4 A molecular sieves for 18.0 h (Scheme 28). 
Mol Sieves 
Diethyl ether 
18.0 h, rt 
Scheme 28 
• 
40 
The three imines, 42-44 were produced in good yields, 76-94% (Scheme 29). 
42 (76%) 43 (83%) 44 (94%) 
Scheme 29 
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Although it was thought that the imines could in theory facilitate the required cyclisation, 
the results although disappointing, were unsurprising (Table 5). 
Ester Imine Base Solvent Temp Result Group 
Ethyl 42 NEt3 DMF 40-50°C 39-21% 
Ethyl 43 NEt3 DMF 40-50°C 39-22% 
Ethyl 43 NaH THF 
O°C_ 
39-21% 
reflux 
Ethyl 44 NaH THF O°C-rt 37-100% 
Ethyl 42 NaH THF O°C-rt 39-19% 
Ethyl 43 CS2C03 DCM rt-reflux 39-21% 
Table 5 
Using triethylamine in DMF at 40-50°C only 39 was synthesised. In most other cases, there 
was no sign of any desired pyrrolidine structure, with only 39 being recovered. The 
instability of the imines may have meant their corresponding precursor aldehyde would 
have formed hence lowering the reactivity of the electrophile to that of the starting material, 
therefore furnishing 39. It was not possible to conclusively deduce a reason for the lack of 
formation of the corresponding pyrrolidine structures. Therefore the use of imines was not 
pursued further. 
1.4 The use of bis(phenylsulfonyl)methane 
The previous work carried out suggests that in order to proceed with the initially proposed 
cycloadditions (Scheme 18), functionality similar to a malonate with no electrophilic 
centres which can be attacked would be required. This should, in turn, eliminate the 
formation of the cyclopropanolactone. 
Bis(phenyl sulfonyl)methane 45 was chosen due to two fundamental reasons: 
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I. The low pK. of the acidic a -sulfonyl carbanion, thus, allowing ease of access to the 
reactive centre. 
2. The relative inertness of the sulfone group to nucleophilic attack, particularly from 
the alkoxide, which is formed on rearrangement of the epoxide. 
Therefore, under basic conditions, ay-epoxy bis-sulfone, cannot form a bicyclic system, as 
before. 
1.4.1 Development of y-epoxy bis-sulfone analogue 
To begin with, [2,2-bis(phenylsulfonyl)ethyIJoxirane 47 was targeted using tosyl glycidol. 
4637 and bis(phenylsulfonyl)methane (Scheme 30). 
o 
TSO~ 
46 
Scheme 30 
Initial reactions proved unsuccessful, with a variety of reaction conditions attempted 
resulting in only starting material being recovered quantitatively each time (Table 6). 
Base Temp·C Solvent Result 
NaH O·C ...... rt THF 45 (100%) 
NaH O·C ...... Reflux THF 45 (100%) 
NaH OT ...... Reflux DMF 45 (100%) 
n-BuLi -78·C ...... rt THF 45 (100%) 
n-BuLi -78·C ...... Reflux THF 45 (100%) 
Table 6 
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It was thought that the high stability of the bis(phenylsulfonyl) anion was causing the lack 
of reactivity. Due to these unsuccessful attempts, a test reaction was carried out on 
bis(phenylsulfonyl)methane, to identify whether deprotonation of the acidic a-sulfonyl 
carbanion was taking place. This can be done using electrophiles such as methyl iodide38 
but it was decided to use allyl bromide as a quench (Scheme 31). 
Ph02S\S02
Ph 
~Br 
Ph02SV S02Ph ---"/_---~ • 70% NaH 
THF I O"C to rt 
48 
Scheme 31 
The reaction was performed, using sodium hydride in THF. The mono-alkylated product 
5,5-bis(phenylsulfonyl)-l-butene 48 was achieved in a 70% yield, providing conclusive 
evidence of the formation and reactivity of the anion. 
Therefore the reaction between bis(phenylsulfonyl)methane and epichlorohydrin was 
repeated using identical conditions, NaH in THF.39 After close inspection of the IH and I3C 
NMR data, the compound was identified as the alcohol, 2,2-
bis(phenylsulfonyl)cyclopropane methanol 51 and was achieved in 76% yield. In this case 
the expected product 47 was not formed. Several groups have previously reported the 
synthesis of cyclopropanes by cyclisation of y-epoxy carbanions, in this fashion.4o Epoxide 
47 is in equilibrium with the alcohol but favours the formation oflatter (Scheme 32). 
47 49 
Scheme 32 
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Results published by Bendetti et al.24 confirmed the reliability of the result for the 
formation of 49 and also revealed that providing that base is present in excess, the pre-
equilibrium lies well to the carbanion side (the epoxide) due to the high acidity of bis-
sulfones. 
On this basis, under basic conditions, an equilibrium would provide access to the 
carbanions which would initiate nucleophilic attack onto the aldehyde. The resultant 
alkoxide formed, would then undergo a second intramolecular cyclisation onto the epoxide, 
creating either a tetrahydrofuran (50) or tetrahydropyran (51) ring (Scheme 33). 
0 PhO,S SO,Ph 
,"o"~,,," '"0,''( } R • R ~ • (") 
6 OH 
49 47 (b) 
;/ ~(b) 
SO,Ph ~D PhO'S~ OH 
R 0 OH 
50 51 
Scheme 33 
1.4.2 Heterocyclic synthesis via an intermolecular cycloaddition 
A number of attempts were made with variation of the reaction conditions including the 
electrophile. These had no effect on the final outcome of the reaction and in all cases, only 
starting material was recovered, quantitatively (Table 7). 
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Aldehyde Base Solvent Temp Result 
p-nitrobenzaldehyde n-BuLi THF rt 49 (100%) 
p-nitrobenzaldehyde NaH THF rt 49 (100%) 
p-nitrobenzaldehyde K2C03 DCM Reflux 49 (100%) 
Ethyl glyoxylate n-BuLi THF rt 49 (100%) 
Ethyl glyoxylate NaH THF rt 49 (100%) 
Ethyl glyoxylate K2C03 DCM Reflux 49 (100%) 
Acetaldehyde NaH THF rt 49 (100%) 
Table 7 
A possible explanation behind the lack of reactivity is due to the equilibrium failing to shift 
in favour of the .epoxide, therefore preventing access to the a-sulfonyl anion. Benedetti et 
al. published a report highlighting that the presence of methyl and gem-dimethyl groups 
affect and play an important role in the cyclisation ofy-epoxy bis-sulfones.41 
The publication by Benedetti and co-workers stated that reaction rates are increased by 
methyl groups on the chain connecting the nucleophile with the oxirane and depressed by 
methyl substitution in the epoxide ring. 
The effect of gem dimethyl substitution on the oxirane ring is large, unfortunately it is not 
quantified but the equilibrium favours the oxirane exclusively, with no cyclisation to the 
cyclopropane being observed. To prevent the issue of whether or not the cyclopropane 
reverts back to the epoxide, 2,2-dimethyl-3-[2,2-bis(phenylsulfonyl)ethyl]oxirane 53 was 
easily synthesised in two steps (Scheme 34). 
45 
~Br 
n-BuLi 
THF 
-78°C to rt 
43% 
Ph02S 
52 
Scheme 34 
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m-CPBA 
NaHC03 
DCM 
99% 
Ph02S 
• 
53 
Initially 2-methyl-5,5-bis(phenylsulfonyl)-2-pentene 52 was formed by simply reacting 
prenyl bromide with bis(phenylsulfonyl)methane, using n-BuLi in THF.26 Both the mono-
and di-alkylated products were formed in 43% and 17% yields respectively. The mono-
alkylated product was then epoxidised with m-CPBA to form the desired 53 in 99% yield. 
A test reaction was carried out using methyl iodide as a quench to identify the reactivity of 
the carbanion. Deprotonation at the a-position with NaH in the presence of methyl iodide 
resulted in the formation of 3-(2,2-bis-benzenesulfonyl-propyl)-2,2-dimethyl-oxirane 54, in 
a good 70% yield (Scheme 35). 
Ph02S S02Ph 
53 
Mel 
NaH 
THF 
Doe to rt 
Scheme 35 
Ph02S 
54 
With no cyclopropane product evident, it was concluded that the equilibrium in the 
presence of the methyl groups does indeed lie towards the epoxide and addition can occur 
at the a-sulfonyl carbanion. This encouraging result led to further exploration using 53, to 
target either five-(56) or six-(57) membered oxacycles (Scheme 36). 
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This reaction was carried out a number of times under different conditions with three 
different aldehydes. In each case, TLC analysis of the crude reaction highlighted a number 
of new spots but isolation of these components by column chromatography, followed by I H 
NMR analysis only revealed unidentifiable products (Table 8). 
Aldehyde Base Solvent Temp Lewis acid Result 
p-nitrobenzaldehyde n-BuLi THF 
-78°C_ 0% 
rt 
p-nitrobenzaldehyde n-BuLi THF 
-78°C_ 
BF3.0Eh 0% 
rt 
p-nitrobenzaldehyde NEt3 THF rt Mg(CIO)4 0% 
p-nitrobenzaldehyde CS2C03 DCM Reflux 0% 
p-nitrobenzaldehyde NaH THF O°C_rt 0% 
Ethyl glyoxylate NaH THF O°C-rt 0% 
Ethyl glyoxylate n-BuLi THF -78°C- 0% 
rt 
Ethyl glyoxylate NEt3 THF rt Mg(CIO)4 0% 
Acetaldehyde n-BuLi THF 
-78°C_ 
BF3.OEt2 0% 
rt 
Acetaldehyde NaH THF O°C_rt 0% 
Tahle 8 
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Interestingly, a recent publication in the literature by Mllkosza and co-workers42 reported 
the formation of hydroxymethyl-substituted tetrahydrofurans 58 by reaction of the 
carbanion derived from 3,4-epoxybutylphenyl sulfone 59 with a range of aldehydes in the 
presence of a mixture of lithium and potassium tert-butoxides (Scheme 37). 
o Ph02S~ 
59 
o Ph02S~ 
PhCHO 
/-BuOK 
THF 
-75°C, 5 min 
PhCHO 
/-BuOK 
THF 
rt, 18 h 
.. 
• 
Ph",.(OH
O Ph02S~ 
(35:35) 
Ph"'CAJ
OH 
60 . 
o 
Ph02S"" 
(15:15) 
4 diastereoisomers 
Ph02S, Ph~1 
OH 
58 
Scheme 37 
2 diastereoisomers 
57:43 
With fine tuning of the conditions, they were also able to isolate the intermediate aldol 
products, 60. It was found that carbanion addition of 59 to aldehydes is a reversible process 
since the diastereoselectivity oftetrahydrofurans does not correspond to the initially formed 
aldol products obtained after protonation of the mixture at low temperatures. 
Taking into account the results of this paper, it may provide some explanations to why the 
reaction carried out with the bis-sulfone did not work. This may be due to steric 
considerations as the bis-sulfone is more sterically cumbersome than the mono-derivative. 
Bordwells43 table of pIe. values for a variety of different substrates shows, as expected, the 
bis-sulfone with a considerably lower pIe. value (-12) than the mono-variant (-29). This 
suggests that the success of the mono-sulfone can be attributed to the higher reactivity of its 
carbanion compared to that of the bis-sulfone, which failed to react to form the desired 
tetrahydrofuran compounds. The bis-sulfone may have initially undergone reaction with the 
reacting aldehyde, but rather than the alkoxide attacking the epoxide, the reaction maybe 
reversible and favour reverting back to the bis-sulfone and stabilised anion (Scheme 38). 
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Experimental conditions were also different and this may also have been the case in why 
the bis-sulfone did not undergo the desired reaction, although the use of a relatively strong 
base is required to facilitate the deprotonation of the mono-sulfone. 
1.5 Conclusion 
It has been reported that in an effort to target highly functionalised tetrahydrofurans and 
tetrahydropyrans via the trapping out of a carbanion Payne type rearrangement, a number of 
competing side reactions prevent this from occurring. 
Malonates tethered to an epoxide moiety have been shown to furnish cyclopropanolactones 
when subjected to the basic conditions employed. The use of an aldehyde in place of the 
epoxide motif resulted in the desired tetrahydrofuran. However this only occurred on 
reaction with aldehydes possessing higher reactivity than that of the starting material, 
otherwise the tetrahydrofuran product formed each time was the result of the starting 
material reacting with itself. Replacing the malonate functionality with a bis-sulfone did 
prevent any side reactions from occurring. However, it also failed to result in any desired 
oxacycles on reaction with a range of aldehydes. 
At this stage, the lack of positive results in the research prompted us to change course, still 
continuing on in the use of cyclopropane derivatives, but using an organometallic based 
approach to develop methodology in order to target tetrahydrofuran and pyrrolidine 
structures. 
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The use of Cyclopropyl Iron Tricarbonyl Complexed Dienes in Organic Syntbesis 
2.0 Introduction 
The application of transition metals to organic synthesis has been one of the most active 
research areas in organic chemistry over the past few decades. The increased knowledge in 
the handling of air- and moisture-sensitive organometallic compounds on a scale useful for 
synthetic purposes can be regarded as the main driving force for the progress achieved in 
the field of synthetic organometallic chemistry. One of the main areas in this development 
has been transition metal carbonyl It-complexes of unsaturated hydrocarbons. 
2.1 Metal carbonyl complexes 
The structures of metal carbonyls can be explained using the 18-electron rule, which states 
"A stable complex is obtained when the sum of metal d-electrons, electrons donated from 
the ligands, and of the overall charge of the complex equals 18." The theory provides a 
classification system for d-block organometallic compounds. It is obeyed for most low 
oxidation state transition metals associated with It-acceptor ligands and can therefore be 
applied to iron tricarbonyl complexes. 
Iron pentacarbonyl was first prepared by Mond ID 1891 by the direct reaction of finely 
ground iron and carbon monoxide. It is an air-stable liquid at room temperature and a 
common starting material for iron (0) chemistry.44 lrono has a partially filled shell of 8 d-
electrons. To adhere to the 18 e- rule, it must gain another 10 electrons. Carbon monoxide 
binds via the lone pair on carbon thus contributing two electrons each. Therefore iron 
pentacarbonyl is formed as an 18 e- complex by binding to 5 carbon monoxide ligands. 
Hence the count for Fe(CO)s is d" + (5 x 2) = 18 electrons. This compound is classed as 
stable. 
Binary metal carbonyls such as Fe2(CO)9 61, a common precursor in the formation of iron 
tricarbonyl complexes can also conforms to the 18 e- rule. Complexes of this type tend to 
dimerise, thus the iron atoms each share two electrons to increase stability and obey the 
electron count (Figure 3). 
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Figure 3 
The structure contains three bridging carbonyl groups, plus three terminal carbonyl groups 
on each iron and appears as two octahedra sharing a common face.45 
Iron pentacarbonyl and diiron nonacarbonyl both react readily with diene substrates to form 
r( I ,3-diene iron complexes. The diene is counted as a four-electron donor (two electrons 
for each double bond) therefore the iron centre in these complexes also obeys the 18 e- rule. 
These represent an especially stable bonding mode and can be easily synthesised by direct 
ligand substitution, generally by heat, light or ultrasound methods (Scheme 39). 
Fe(CO)5 
• 
Scheme 39 
Fe(CO), 
,fl~ 
62 
Since their discovery in 1930, the preparation and application of iron diene complexes has 
been a major area of interest, largely due to the versatility and range of reaction processes 
which they can facilitate or control. 
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2.2 114 -Iron tricarbonyl diene complexes 
The formation of butadiene iron tricarbonyl 62 from butadiene and iron pentacarbonyl was 
first reported in 1930 by Rheilen, Gruhl, Hessling and Pfrengle46 and was the subject of a 
patent by Veltman47 17 years later. However, efforts by Rheilen et al. to extend the reaction 
to other acyclic dienes were unsuccessful. 
In an effort to deduce the structure of iron diene tricarbonyls, Hallam and Pauson48 
investigated the reaction of iron carbonyls with 1,3-cyclohexadiene. From this study they 
were able to propose the structure of butadieneiron tricarbonyl in which the hydrocarbon 
attains a planar configuration and the 1t-electrons are utilised in bonding. 
The reaction of iron pentacarbonyl with cyclohexadiene to yield cyclohexadieneiron 
tricarbonyl, gave a structure almost identical in spectra and other properties with the acyclic 
complexed butadiene. Butadiene can be arranged two ways in a plane, either in a cisoid or 
transoid form. Since cyclohexadiene must be cisoid, it was deduced highly probable that 
the same arrangement is made for the acyclic system (Figure 4). 
cisoid transoid 
//;~/ 
Fe 
OC' I 'CO 
CO 
Figure 4 
This was later confirmed by the X-ray data of Mills and Robinson,49 which identified the 
distribution of the atoms. The four carbon atoms of the diene ligand are shown to be held 
cisoid and approximately co-planar (Figure 5). 
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2.2.1 Substituted dienes 
co 
I ~yFe"co 
~ CO 
Figure 5 
Pettit and co-workersso extended the reaction of Iron pentacarbonyl to substituted 
conjugated 1,3-dienes. In many cases, this led to the formation of iron tricarbonyl 
complexes with rearrangement of the diene ligand. It was reported that the reaction of cis-
1,3-pentadiene 63, I ,4-pentadiene 64 or trans-I ,3-pentadiene 65 with Fe(CO)sleads only to 
the formation of trans-I ,3-pentadiene-iron tricarbonyl 68 (Scheme 40). 
~ 
, I ~e(CO)5 
63 ~ ~ Fe(CO)5 ~ 
'/ I CH3 ..... 0--'--'-'-- '/ CH3 
Fe(CO), 
66 65 
64 
Scheme 40 
Under the same reaction conditions, in the absence of Fe(CO)s the first two of these 
hydrocarbons do not undergo isomerisation to trans-I ,3-pentadiene. In the presence of iron 
the rearrangements take place because the substituents in the anti position of the diene 
ligand experience steric strain and such complexes are less thermodynamically stable than 
the isomeric complexes in the syn positions. Mills and Robinson's original x-ray structure 
determination on butadieneiron tricarbonyl readily displayed that repulsion between anti 
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substituents themselves or between an anti substituent and the iron atom or the adjacent CO 
group is likely if the diene ligand is to remain planar. 
1,4-Diene isomerisation to form the more stable conjugated 1,3-diene, in the presence of 
diiron nonacarbonyl is a useful process. A prime example of this is found in Corey's 
synthesis of prostaglandin C 67.51 The 1,4-diene in the synthetic intermediate 68 was 
protected as the diene complex 69, after isomerisation to the conjugated diene when it was 
treated with Fe2(CO)9 (Scheme 41). The position of the double bond was now in the 
required position and the diene complex 69 was stable during the oxidation of the lactol and 
the introduction of the a-chain. 
Fe3(CO)'2 
60% .. 
(OChF/ r; 
. CSHll 
68 69 H "'OH 
o 
""'~C02H 
CSHll 
"I'OH 
H 
67 
Scheme 41 
2.3 Preparation of 114-iron tricarbonyl complexes 
The classical procedure for the preparation of 114 -iron tricarbonyl diene complexes is based 
on the complexation of unsaturated hydrocarbons by direct reaction with the carbonyl iron 
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compounds, pentacarbonyliron, nonacarbonyldiiron, or dodecacarbonytriiron using either 
thermal or photolytic conditions. 52 
As mentioned previously, Reihlen et al described the first synthesis of the parent complex, 
tricarbonyl(r(I,3-butadiene)iron.53 Thermal reaction of an excess of 1,3-butadiene with 
pentacarbonyl iron in an autoclave furnished complex 62 in 15% yield (Scheme 42). 
+ Fe(CO)5 autoclave 
135°C. 24.0 h 
(15%) 
Scheme 42 
• 
MechanisticalIy, the actual co-ordination of the diene to the tricarbonyliron fragment is 
initiated by the loss of carbon monoxide from iron pentacarbonyl. This can be induced via a 
thermal or photolytic reaction. The resulting tetracarbonyliron fragment is a l6-electron 
species with a vacant co-ordination site, which can bind to an olefinic double bond of a 
diene to provide the tetracarbonyl(TJ2- l ,3-diene)iron complex 70. Further loss of a carbon 
monoxide ligand affords the co-ordinatively unsaturated complex 71. After conversion of 
the butadiene from the s-trans conformation, a haptotropic migration (TJ2 to TJ4) of the metal 
fragment provides complex 62 (Scheme 43). 
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Direct thermal activation requires temperatures of l35·l40T hence organometallic 
chemists have developed milder conditions to provide the tricarbonyliron-butadiene 
complexes with higher selectivity. This can be achieved utilising iron pentacarbonyl by 
photolytic induction.52 Lower temperatures (60-80°C) are feasible with the more labile, but 
also more expensive carbonyliron cluster compounds including diiron nonacarbonyl and 
triiron dodecacarbonyl. 
In addition to this, procedures involving ultrasound-promoted complexation can be carried 
out at room temperature with high efficiency.54 Ley and co-workers revealed that this 
method is highly efficient for 1,3-butadienes. In the case of methyl sorbate 72, sonication 
with diiron nonacarbonyl in benzene provided complex 73 quantitatively (Scheme 44). 
COOCH3 
72 
Fe2(CO) • 
Ultrasound 
Benzene 
1h 
.. 
Scheme 44 
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Cycl ic dienes also readily afford the corresponding tricarbonyl iron complexes with Hallam 
and Pauson48 describing the first example in 1958. Tricarbonyl (T)4-cyclohexa-l,3-
diene)iron 74 was prepared in 21 % yield using the original procedure of Reihlen53 (Scheme 
45). 
Fe(CO}s 0 
.. h-Fe(COb 
74 
Scheme 45 
2.3.1 Transfer reagents 
Much milder conditions can be used to achieve complexation with the use of 
tricarbonyliron transfer reagents. These are complexes of the tetracarbonyliron or 
tricarbonyliron fragment with ligands, which show only a weak co-ordination to the metal. 
They readily generate 16-electron species because of their lability, which means they can 
bind to one of the double bonds of a 1,3-diene. The co-ordination initiates the transfer of 
the metal fragment to the 1,3-diene providing the more thermodynamically stable 
tricarbonyl(T)4- 1 ,3-diene)iron complex. 
These transfer reagents offer a useful alternative, especially where dienes are sensitive 
towards heat or UV light. An example is the (benzylideneacetone)iron tricarbonyl complex 
75/5 as first reported by Lewis as a tricarbonyl iron transfer reagent56 in ) 972 (Scheme 46). 
o 
Ph~ 2 eq. Fe2(CO}9 I~ o .. Ph~l\ 0 Et20. 35 C, 18.0 h 
(81%) 
Scheme 46 
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Fe(CO), 
75 
1,3-Cyclohexadiene on reaction with (bda)Fe(CO)3 provided the tricarbonyl iron complex 
74, almost quantitatively, clearly demonstrating the synthetic utility of the highly selective 
and mild complexation reagent (Scheme 47). 
(bda)Fe(CO), 
Benzene, 60°C, 1 d 
(95%) 
Scheme 47 
.. o Fe(COb 
74 
In comparison, the method proves to be superior to the more classical procedures used for 
the complexation of I ;3-cyclohexadiene, where the best yield obtained was 56% using a 
photochemical method in benzene.57 
2.41J4-Iron tricarbonyl diene complexes and their application to synthesis 
The ease of formation of iron tricarbonyl complexed dienes and the stability of many of 
these leads to their abundant frequency in general organic synthesis. The electron density of 
these unsaturated compounds is decreased by the co-ordination of the strongly electron 
withdrawing iron carbonyl species and hence their reactivity is modified. These complexes 
can be utilised in two different ways, either as a diene protecting group or as an activating 
agent. In doing so, the planar chiral iron tricarbonyl complexes can also provide 
stereocontrol in the above mentioned reaction pathways and influence the introduction of 
new stereogenic centres at nearby positions. 
2.4.1 Protection of dienes by iron tricarbonyI species: 
Protection of reactive dienes by co-ordination offers a useful method to prevent reactions 
normally associated with carbon-carbon double bonds, such as hydroboration and 
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osmylation. In 1977, Lewis and co-workers58 were the first to report the stoichiometric 
osmylation of iron tricarbonyl diene complexes with pendant olefins, revealing that osmium 
tetraoxide was compatible with the iron carbonyl moiety. Donaldson et al59 extended the 
methodology by carrying out dihydroxylations on a number of complexed trienes including 
complexes 76 and 77, which yield the corresponding glycols 78 (48%) and 79 (89%) 
respectively. The fact that the dihydroxylation is so stereoselective derives from the 
destabilisation of the s-cis conformation. This ensures the reaction proceeds entirely on the 
s-trans form leading only to the glycol by reaction of OS04 anti to the iron tricarbonyl 
group (Scheme 48). 
Ji~ Me '. 
Fe 
. JI~ 
Me ) 
s-cis s-trans 
~ 050, Me : .. Me Fe(CO), ~ OH Me 
76 78 
Me Me 
!J ~ 050, Me - • Me 
Fe(CO), ~ Me OH 
Me 
77 79 
Scheme 48 
They also found that the (polyene)Fe(CO)) complexes were stable to a two step 
osmylation/periodate cleavage sequence to produce the corresponding (dienal)Fe(CO)) 
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complexes. These can further be utilised via the addition of nucleophiles to the aldehyde 
adjacent to the iron species. Interestingly, although the Fe(CO)J is robust under a variety of 
reaction conditions, it is notoriously difficult to carry out the oxidation of pendant 
functional groups due to competing oxidative decomplexation. Pb(OAc)4 in pyridine leads 
to faster reaction times but lower yields due to competitive destruction of the iron 
tricarbonyl moiety, whereas ozonolysis of the initial starting material 76 unsurprisingly 
leads to destruction of the complex. 
In 1987, Barton and co-workers60 applied this methodology with the ability of the iron 
species to influence stereocontrol, to the synthesis of ergosterol and epi-ergosterol. The 1,3-
diene of ergosterol was protected as complex 80 for osmylation. Then the double bond in 
the side chain was oxidised selectively to 81. The alcohol 80 was also oxidised to ketone 82 
and its subsequent reduction with a bulky reducing reagent occurring from the ·normally 
hindered ~-face to afford epi-ergosterol 83, due to the a-face being blocked by Fe(CO)3 
group (Scheme 49). 
80 
jNCS Me2S 
o 
82 
0804 .. 
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LiAIH(O-t-Buh .. 
FeCI3 
Scheme 49 
44 
81 
83 
2.4.2 Activation of dienes by the iron tricarbonyl species 
In addition to protection, a change of reactivity is observed on complexation. Butadiene can 
form a stable complex 62 which reacts differently to that of the free ligand. 114-lron 
tricarbonyl diene complexes can undergo reactions with both electrophiles and 
nucleophiles. 
The pi-orbital system is highly polarizible and can react with electrophiles via electrophilic 
addition with loss of a proton affording the simple substitution product 84. Nucleophiles 
can also add to the pi-system giving a 113 -allyl or homoallyl anionic intermediate 85 
(Scheme 50). 
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Scheme 50 
2.4.2.1 The reaction of electrophiles with lJ4-iron diene complexes 
Addition of electrophiles can either be at C-I or C-4 of the complexed diene. Reactions that 
previously were not possible with uncomplexed dienes now become feasible. 
Franck-Neumann et af'1 reported that Friedel-Crafts acetylation of butadiene complex 66 
proceeds smoothly to give predominantly the cis-dienone complex 87. Electrophilic attack 
at the terminal position gives rise to the intermediate cationic It-allyl complex 86. In only a 
few cases have these cation types been isolated and characterised by x-ray crystallograph/2 
(Scheme 51). 
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Scheme 51 
The presence of the iron tricarbonyl moiety facilitates the Friedel-Crafts reaction. However 
it is not due to an 'activation' of the complex but rather the improved 'control' of the 
reaction, since the uncomplexed dienes are usually polymerised under these reaction 
conditions.63 The methodology has been extended to natural product synthesis. Knox64 
reported the total diastereoselectivesyntheses of insect pheromones having (£)- and (E,£)-
1,3-diene skeletons. The group utilised a Friedel-Crafts acetylation on the butadiene 
irontricarbonyl complex 62. A number of further steps were then carried out to yield the 
principal insect pheromone associated with the red bollworm moth 88 (Scheme 52). 
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2.4.2.2 Nucleophilic addition to 1J4-iron diene complexes 
Alkylations of r(iron diene compounds such as 74 in the presence of carbon monoxide are 
of particular interest as a wide range of substituted complexes are avai lab le as substrates. 
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Unfortunately, a major limitation of these substrates is they react with a relatively restricted 
range of nucleophiles. Relatively reactive anions are required to convert the iron diene 
complexes to an anionic intermediate. 
Carbanions with precursors having a pKa between 22 and 35 are usually stabilised by one 
cyano, one carboalkoxy, or two sulfur units. The first example was carried out with 2-
lithio-l,3-dithiane and 114-(l,3-cyclohexadiene)Fe(COk It was found that one of three 
intermediates (89, 90 and 93) are formed, depending upon the conditions (Scheme 53). 
o 
Fe(CO), 
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Scheme 53 
It was reported65 that the anionic homoallyl complex 89 is the kinetic product and formed 
by a fast reaction at -78°C via anti addition at an internal carbon. Even with very reactive 
nucleophiles, it is not stable and reverts back to the precursors at higher temperatures. 
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A slower, second addition occurs at the terminal position to form the T{allyl anionic 
complex, 90. These anionic intermediates are generally not isolated or characterised, due to 
their high reactivity towards oxygen. Tl)ey can be trapped giving labile alkene-iron 
complexes which spontaneously lose the alkene ligands. 
Under a carbon monoxide atmosphere, the acylated anionic complex 93 is formed by syn 
addition. Reaction with methyl iodide leads to the methyl ketone 94 maintaining the trans-
relationship. 
With simple nuc1eophiles such as organolithium and Grignard reagents, there is a tendency 
for the nuc1eophile to attack a carbonyl ligand.66 Complexed a,l3-unsaturated ketones 
undergo acyl transfer reactions when organolithium and Grignard reagents are employed. 
This leads to the formation of 1,4-diketones 97 in a reaction controlled by the transition 
metal centre67 (Scheme 54). 
Ph4 R'Li or R'MgBr Ph4 ~-)i • .. O~Fe., 
Fe(COla j 'co o Fe 
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It was also shown that varying the carbonyl substituent from a methyl to an iso- or tert-
butyl group had a neglible effect on the reaction, with the conversion taking place to their 
respective 1,4-diketones in good yield, using methyllithium as the nucleophile. 
2.5114-iron diene complexes as a stereodirecting group 
The steric effect of the Fe(CO)3 unit can control the stereochemistry of reactions carried out 
at nearby positions, especially cycloadditions and a wide range of nucleophilic additions to 
adjacent carbonyl groups, double bonds or cationic centres. 
No example of a successful Die Is-Alder reaction has been reported directly involving a 
complexed diene.58 This may be due to the fact that high temperatures are often required for 
these cycloadditions. The possibility does exist for Lewis acid catalysis but, for instance, 
AlCh is known to react directly with the iron tricarbonyl moiety thus rendering this route 
impractical.68 
However there are examples in the literature of the iron tricarbonyl complexed diene aiding 
in a highly diastereoselective reaction, as a direct result of being present in the reacting 
molecule. Martelli and co-workers69 were the first to report that highly electrophilic 
complexed olefins can take part in the Diels-Alder process (Scheme 55). 
Me02C 
98 
N-methylmaleimide. 
THF 
~ 
Scheme 55 
Me02C 
99 
Diene 98 reacted readily with N-methylmaleimide to provide the single adduct 99 in 70% 
yield. The expected endo transition state is observed during the cycloaddition and the 
reaction proceeds via the s-trans conformation adjacent to the iron diene complex but on 
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the s-cis conformation of the diene undergoing the Diels-Alder reaction. The dienophile 
itself, also as expected, reacts from the face anti to the iron tricarbonyl species. This 
example highlights how the iron tricarbonyl unit can be applied to other areas of organic 
synthesis, in particular to provide total diastereoselectivity in the Diels-Alder reaction. 
2.5.1 Addition to a carbonyl group attached to the 1J4-iron complexed diene 
Gn:e70 has also utilised the stereodirecting effects of the iron tricarbonyl moiety by taking 
the complexed aldehyde 100, in which the metal complex distinguishes the face of the 
substituent. Addition of methyllithium provided more stereocontrol than the use of 
Grignard reagents, yielding a 4: I mixture of 101 and 102. However the selectivity was 
reversed with MeTi(Oiprh, obtaining a I: I 0 mixture in 77% yield71 (Scheme 56). 
Interestingly, two contrasting stereochemical ratios can be achieved from the same 
complexed starting material with both as a direct consequence of the facial selectivity 
which is offered by the iron tricarbonyl species being present. The larger nucleophile 
preferentially attacking anti to the iron tricarbonyl group. 
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Gn:e managed to utilise the ability of the iron tricarbonyl species to incorporate a high 
degree of stereocontrol as part of the formation of leucotriene 8 4 103. Using a Lewis acid 
catalyst, aldehyde 104 underwent reaction with an allenylsilane introducing the alkyne 
group to produce 105 in 65% yield with greater than 98% diastereocontrol. Reduction using 
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a nickel catalyst and decomplexation with CAN furnished the (E,E,Z)-triene 106 - a key 
intermediate which incorporates the required functionality for the left-hand portion of 
leucotriene 8/2 (Scheme 57). 
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To further extend their work, Laabassi and Gree reported an example, usmg chiral 
butadiene iron tricarbonyl complexes in natural product synthesis. They described the first 
asymmetric synthesis of two monoterpenes, (-) verbenalol and (-) epiverbenalol.73 
The first few steps of the syntheses are shown, highlighting the role of the iron tricarbonyl 
moiety (Scheme 58). 
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The reaction of aldehyde 104 with Meldrums acid on the s-trans conformation gave the 
olefin 107 in quantitative yield. This was then followed by addition of methyl magnesium 
iodide stereoselectively, again, very importantly on the s-trans conformation to give 
compound 108, the single, desired diastereoisomer in an excellent 93% yield. The attack of 
the Grignard reagent occurred on the face anti to the iron tricarbonyl unit, giving rise to an 
s-configuration at the newly formed asymmetric carbon atom. This was confirmed, initially 
by the completed synthesis of(-) verbenaloll09 (Figure 6). 
OH C ~ C02CH3 (-) verbenalol 
109 
Figure 6 
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Previous syntheses had only provided the desired molecule in racemic form, emphasising 
the importance of the iron tricarbonyl species as a directing source and providing a useful 
strategic tool in natural product synthesis. 
2.5.2 The Alkylation of an anion adjacent to the iron complexed diene 
Donaldson74 reported the first diastereoselective alkylation of an anion adjacent to an 
acyclic (butadiene)Fe(CO)3, (Scheme 59). 
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Treatment of 110 with base, followed by benzyl- or allyl-bromide gave the corresponding 
benzylated diastereoisomer 111 in 51 % yield and allylated product 112 in 48% yield. The 
origin of the alkylation diastereoselectivity is kinetically controlled and presumed to arise 
from the approach of the electrophile on the s-trans C2-C3 rotomer of the anion on the face 
opposite to the sterically hindering iron tricarbonyl group. 
2.6 1)5 -Iron pentadienyl complexes 
As shown, T{iron complexed dienes have an important role in organic synthesis and 
provide a useful strategy in protection, functional-group transformations and a source of 
stereocontrol. These factors, combined with their ease of preparation and decomplexation 
spawn a useful organometallic appliance in any synthetic organic chemist's tool box. 
However an important feature of these types of complexes is their ability to form TJ5-
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pentadienyl complexes. Stereoelectronically, the electron-rich metal centre can stabilise an 
adjacent cation via co-ordination to dienyl systems in a t{fashion. These systems are 
generally reactive towards a large range of nucleophiles and the presence of the iron group 
permits a high degree of both stereo- and regio-control. 
2.6.1 Discovery 
A transition metal stabilised pentadienyl cation 113 was first isolated by Fischer in 1960, 
when cyclohexadiene tricarbonyl was treated with triphenylmethyl fluoroborate and found 
to be remarkably stable75 (Scheme 60). 
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" Fe(CO), 
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Scheme 60 
Since this cation was in a cyclic system, the carbons were arranged in a completely cisoid 
fashion. However, more interesting is the formation of these pentadienyl complexes in less 
stable acyclic systems, where two isomeric cations can potentially exist; not only the cisoid 
form 114 but also the Iransoid 115 form (Scheme 61). 
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Acyclic TJ5 -iron tricarbonyl pentadienyl cations have been known since 1963/6 when 
simple cisoid perchlorate and tetrafluoroborate salts were discovered by Mahler and Petit. 
2.6.2 Generation of ,,5 -iron tricarbonyl complexes 
Unlike Fischer's first formation of the cyclic pentadienyl system via hydride abstraction, it 
is not usually possible to form acyclic dienyl complexes in this way; hydride abstraction 
only works when the cisoid geometry is already established in the product, an arrangement 
for which there are limited synthetic methods (Path (a), Scheme 62). 
The most established and recognised method to form acyclic pentadienyl complexes IS 
acid-promoted loss of an oxygen substituent on a carbon adjacent to one of the termini of 
the 1,3-diene ligand (Path (b), Scheme 62). The mechanism is believed to involve initial 
generation of the transoid cationic complex, followed by rapid isomerisation to the more 
stable cisoid isomer. 
(OC},Fe + 
rr\L Ph C· (OC),Fe Ph3C+ (OC),Fe ~ 3 .. r\~ .. )( rr\~ (a) 
t (OC},Fe~ H+ [(OCb;rr\~ ]. W (OC),Fe ~ rr" OH .. rr\~ (b) (c) 
Scheme 62 
Precipitation of these cationic salts by the addition of diethyl ether produced bright yellow 
crystals, in which the cisoid configuration was determined in each case by NMR analysis. 
A third method involves formation of a triene complexed as a I ,3-diene (Path (c), Scheme 
62). Lewis and co-workers58 reported that protonation of iron tricarbonyl hexa-I ,3,5-triene 
results in the formation of the desired TJ5 -pentadienyl cation, which can then undergo 
reaction. 
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More recently Pearson et aP8 reported a new stereospecific cationic cyclisation of iron 
tricarbonyl diene complexes with pendant alkenes and arenes (Scheme 63). Protonation of 
a double bond vicinal iron diene moiety was employed to trigger the cyclisation, rather than 
the previously reported Lewis/protic acid dehydroxylation of diastereomeric alcohols. In 
general this method eliminates a step which is often required to separate the diastereomeric 
alcohols, therefore avoiding the lower reactivity encountered for one of the alcohol 
diastereoisomers.79 
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Protonation of the double bond adjacent to the diene complex 116, via addition of formic 
acid generates the carbocation 117, which triggers the cyclisation process. A mixture of EIZ 
diastereoisomers of the starting material generates the same stabilised carbocation adopting 
the s-trans conformation. The subsequent intramolecular nucleophilic attack then proceeds 
on one conformation, anti to the iron tricarbonyl moiety with respect to the diene plane to 
form the cyclohexane 118. Isomerisation to the cisoid pentadienyl cation is not observed 
presumably because the pendant alkene traps the initially formed transoid cation more 
rapidly. 
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2.7 Conformational studies 
As in the case of r(iron tricarbonyl complexes, with 1]5 -iron tricarbonyl pentadienyl 
cations the iron atom lies below a plane defined by the five carbon atoms of the dienyl 
system and is situated approximately equidistant from the five carbon atoms. The two 
factors involved in the union of a dienyl moiety to the iron atom is the forward co-
ordination arising from interaction of bonding orbitals of the pentadienylligand with vacant 
iron orbitals. It is also the back donation of electrons from iron to the ligand via interaction 
of filled orbitals on iron with low-lying vacant molecular orbitals of the dienyl system. 
The iron can be strongly bonded simultaneously to each of the five carbon atoms in the 
cisoid isomer only. The greater stability of the cisoid cation over the transoid configuration 
can be attributed to this factor, as well as ·the cisoid cation being more sterically. 
cumbersome. 
Lillya carried out an extensive study on the conformational analysis of iron tricarbonyl 
diene complexes by employing the use of secondary alcohol iron tricarbonyl complexes. so 
The complexes which contain one additional asymmetric carbon, exist as two 
diastereomeric forms, owing to the planar chirality of the complexed diene moiety (Figure 
7). 
~ lH R-rL~~"H 
Fe(CO), R' 
Figure 7 
The preferred conformations of the dienol complexes are those in which the largest groups 
occupy two relatively uncrowded positions. These can be distinguished and separated based 
on their polarity with standard chromatographic techniques. Clinton and Lillya proposed a 
model which accounted for the observed differences by suggesting that the a_sp3 centre of 
the diene ligand would adopt a staggered conformation in which the three sites are exposed 
to varying levels of steric crowding. 
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It was proposed that the preferred conformations of the dienol complexes will be those with 
the hydrogen substituent occupying position (c) and the two larger groups (OH and alkyl) 
adopting positions (a) and (b) (Figure 8). 
/. ~~ xl bel 
Fe_co 
OC'" ~co 
(a) = uncrowded 
(b) = slightly crowded 
(c) = severely crowded 
Figure 8-Clinton and Lillya's proposed model accounting for the differences in 
observed polarity 
This is because position (c) is severely crowded by one of the CO ligands and the diene 
residue and also essentially to minimise any A1•3-interactions. Meanwhile position (b) 
suffers less steric crowding from two of the CO ligands. 
The two diastereoisomers are designated 'Vexo 119 and 'Vendo 120 according to the preferred 
conformation of the hydroxyl group relative to iron. Identification and separation of the two 
diastereoisomers can be carried out using simple chromatographic techniques. The exposed 
hydroxyl group of the 'Vexo diastereoisomer accounts for its more polar behaviour and hence 
a relatively low Rr value in comparison to the 'Vendo diastereoisomer where the sterically 
shielded hydroxyl group accounts for its higher Rr value. 
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'Vexo 'Vendo 
119 120 
Figure 9 -",exo and "'endo complexes adopt preferential conformations. 
Lillya and Clinton furthered this work81 by carrying out solvolysis studies on several dienyl 
3,5-dinitrobenzoate esters and their tricarbonyliron complexes. Although the yields were 
not stated, solvolysis proceeds by an SN 1 alkyl-oxygen fission mechanism with complete 
retention of configuration in both cases (Scheme 64). 
, 
~ lDNB R-VL~;:\··H 
Fe(CO), CH
3 
'Vexo 
~ lDNB 
R-V L~~·\CH3 
Fe(CO), H 
'Vendo 
80% ag. acetone .. 
80% ag. acetone .. 
Scheme 64 
~ lH R-V L~;:\·\H 
Fe(CO), CH
3 
~ lH R-V L~:-\·\CH3 
Fe(CO), H 
Although solvolysis occurred for both, the "'exo and "'endo isomer, the rate of solvolysis was 
found to be greater in the "'exo isomer than the 'l'endo isomer, indicating the leaving group 
prefers to depart exo to the iron.82 The transition state for the solvolysis Of'l'endo compounds 
is destabilised by interaction of the methyl group and the proximal terminal carbonyl as 
well as the diene (Figure 10). 
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'Vendo 
Figure 10 
H H'c'-frl C-H i \ 
: Fe Oc.--- \ 
: ~O ONBO/ 
Although endo departure of the leaving group is slowed down by steric hindrance, this still 
experiences a high degree of selectivity. The high degree of retention of configuration is 
proposed to be due to nucleophilic participation by the neighbouring iron and 
hyperconjugation involving the iron-carbon bonds (Scheme 65). 
Iron participation: 
~ QONB R-VI "---r\"H Fe~ CH, 
(CO), 
Hyperconjugation: 
_/f7\..._lONB R '\\//.)- \'H 
Fe CH, 
(CO), 
.. 
• 
Scheme 65 
~/ R-/Il~ 
Fe' CH, 
(CO), 
Although the solvolysis data presented provides no basis between the iron participation and 
hyperconjugation mechanisms, the rate enhancement with respeCt to the ljIexo 
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diastereoisomer is reasoned to be due to greater anchimeric assistance by the Fe(CO)3 
group. It is thought that 'l'exo complexes proceed via the transoid cation. This suggests that 
the anchimeric assistance by the iron leads to the cation in which all five carbons of a 
pentadienylligand are partially bonded to the iron. 
Pearson83 summarised mechanistically, the Lewis-acid promoted reactions of pentadienol 
iron complexes with water as the nucleophile and the anchimeric assistance provided by the 
Fe(CO)J moiety. The 'l'exo complex 121 proceeds more rapidly than the ljIendo complex 122, 
since the latter proceeds through a sterically more congested transition state during the iron 
assisted ionization (Scheme 66). 
Fe(CO), 
JI~CH' 
\OONS 
121 
Fe(CO), 
JI'--t~, 
''DONS 
122 
[ 
(OC),Fe, ~ H 
Lew;s acid. Jf\~ 
" CH, 
lewis acid 
.. 
Scheme 66 
H20 
• 
Fe(CO), 
J1'--tCH, 
#~H 
'Vexo 
Fe(CO), 
H20 • J'4~' 
"'OH 
'l'endo 
A difference in reactivity was also observed between ljIendo and ljIexo complexes with the 
latter exhibiting a higher degree of stereocontrol. An insight into this difference is provided 
by the preferred conformations of the side chain carbinol. It was proposed that ljIendo 
complex 123 initially forms cationic complex 124 which suffers from appreciable A 1.3 
allylic strain. Overall inversion of the product, rather than retention would be observed if 
isomerisation to the more stable complex (as formed by direct ionisation of the ljIexo 
complex) occurs before the cation is trapped (Scheme 67). 
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F- = DAST ~ ",_"H F- ~ I Me02C---' I ~ - Me02C---' I ._~"H 
Fe Me Fe(CO), Me (CO), 
overall inversion 
Scheme 67 
This rationale is based upon the assumption that the Fe(CO)3 is an active. neighbouring 
group participating in anchimeric assistance. 
An alternative mechanism has been proposed which accounts for the small degree of 
stereochemical leakage in the 'Vendo series. It is postulated that the a-centre also undergoes 
unassisted ionisation in its preferred conformation (Scheme 68).84 
Me02C~~ 
Fe(CO), OH 
123 
• 
! unassisted ionisation 
~ ",_"H 
Me02C---' i_~ 
Fe(CO), Me 
125 
! 
inversion product 
Scheme 68 
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retention product 
The ljIendo cationic c~~plex 12S is formed directly which leads to the inversion product by 
nucleophilic trapping from the exo face. 
A great deal of mechanistic study has been carried out on this subject over the past 40 
years, although the pioneering reports of Lillya and co-workers still form the basis of 
evidence for the less stable transoid cation. Sorenson and Jablonski85 were the first to 
report direct NMR observation of a trans-pentadienyliron tricarbonyl cation 127 (Scheme 
69). 
H3C~'CH3 
Fe(CO), CH3 
126 
~;,:;., ,CH3 fi--®" H3C 1'---- . \;!J" ," :::::;:==::: t 
Fe(CO), CH3 H3C H3C CH3 
Fe(CO), 
127 128 
Scheme 69 
Complex 126, in the presence of fluorosulfonic acid gave the transoid cation 127 which is 
in equilibrium with the cisoid cation 128. Isolation of either of these salts was unsuccessful 
but assignments were made and the ratio of (E,£)- to (E,Z)-configurations was 
approximately 3:1, as determined by 'H NMR spectroscopy. It was therefore shown that a 
cisoid arrangement of five 1t-centres is not a prerequisite for a stable pentadienyl iron cation 
complex. With suitable substitutions i.e. in the case of 128, the (E,Z)-configuration is 
destabilised by a large steric interaction between the anti methyl group and the hydrogen at 
C-5, therefore the relative stability of the (E,£)-isomer is increased.86 
In 1996 Rheingold and Emst87 provided further evidence of an iron tricarbonyl pentadienyl 
complex with crystallographic data of an open chain cisoid TJ5 -complex. The iron 
tricarbonyl species was found to have the expected piano-stool type geometry, however to 
date no X-ray crystallographic data has been reported on a transoid TJ5 -cationic complex. 
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2.8 Reaction of lis -iron pentadienyl complexes with nucIeophiles 
The most important feature of the pentadienyl cation systems is their reactivity with 
nucleophiles, providing a high degree of both regio- and stereo-control. A wide range of 
different nucleophiles are able to undergo reaction with both cyclic and acyclic pentadienyl 
systems. Focusing on the acyclic systems gives rise to a number of different issues 
regarding not only regiochemistry, but also the stereochemistry including the planar 
chirality exhibited by the iron species and the diene geometry of the final product, 
determined by either the cisoid or transoid pentadienyl cation. The high electrophilicity of 
the iron tricarbonyl pentadienyl system is reflected in high reactivity with simple electron-
rich carbon compounds as well as traditional carbanionlorganometallic derivatives. 
2.8.1 Transoid selectivity 
An important aspect to consider is whether or not the cisoid or transoid intermediate will 
undergo the nucleophilic addition, thus affecting the stereochemistry in the final product. It 
is widely accepted that less reactive nucleophiles such as electron-rich aromatics, allyl 
silanes and alkynyl anions derived from TMS-alkyne and fluoride lead to transoid 
products, resulting from addition at the less substituted terminus suggesting that the 
transoid pentadienyl cation is the more reactive species. 
2.8.1.1 Electron rich aromatic nucIeophiles 
The ability of cationic iron tricarbonyl pentadienyl complexes to act as electrophiles and 
undergo nucleophilic attack led Kane-Maguire and co-workers88 to explore the feasibility 
of organometallic cations as electrophilic reagents on aromatic molecules (Scheme 70). 
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Scheme 70 
It was initially reported that a cyclic cation such as 115, undergoes reaction with a wide 
variety of aromatic heterocycles, including pyrrole 129, furan and thiophene, yielding new 
diene-substituted derivatives. The reaction proceeded in water and polar organic solvents. 
A year later the same group extended the utility of the reaction by using activated arenes 
such as 1,3,5-trimethoxybenzene and 1,3-dimethoxybenzene to yield diene substituted 
benzenoid derivatives.89 
Powell et al. further broadened the scope of the reaction by employing a number of 
different substituted acyclic dienes 131_133.90 Although no yields were quoted they 
reported that attack of 1,3-dimethoxybenzene on several open-chain pentadienyl complex 
cations was considerably faster than those of their cyclic analogues. They suggested that the 
reaction intermediate was the transoid cation, which is consistent with the fact that they are 
more reactive to nucleophiles than those of their cyclic counterparts. NMR spectra of the 
corresponding products 134-136 also provided further evidence for the (E,E)-configuration 
(Scheme 71). 
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R' 
131 R = H, R' = Me 
132 R = R'= Me 
133 R = Ph, R'=Me 
R-fI I ~c OMe ~\ Iy Fe(CO),H ~ !J 
MeO 
134·136 
Scheme 71 
Electrophilic substitution was also regioselective in these cases. If the unsymmetrical 
cations bear a methyl group at the C-I position, then nucleophilic attack occurs at the 
terminal C-I carbon (Scheme 71). Donaldson using excess furan as a nucleophile with 
acyclic complexes also reported similar results.91 
Pearson and co-workers have utilised this methodology in cascade polycyclisations to 
provide diastereoselective entry into octahydrophenanthrenes. This powerful reaction 
sequence created a number of new carbon-carbon bonds and introduced several 
stereocentres in one step. The generation of an iron tricarbonyl stabilised pentadienyl cation 
by anchimeric-assisted regiospecific protonation of an adjacent double bond to the iron 
complex, triggers the cascade reaction furnishing the desired octahydrophenanthrene 137 in 
35% (Scheme 72).92 
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Interestingly, simple benzene and various p-methoxy-substituted phenyl rings tethered to 
the complexed diene were used in the double cyclisation strategy. Due to extensive 
overlapping of diagnostic resonances, decomplexation was carried out using Me3NO in 
acetone to afford the tricyclic demetalated products, where COSY IH NMR analysis was 
then carried out to confirm the stereoselectivity. 
2.8.1.2 Alkynyl anion nncleophiles 
Donaldson and Ramaswal3 were the first to investigate the reactivity of acyclic 
pentadienyl cations with alkynyl nucleophiles and provided some interesting regio- and 
stereo-chemical outcomes depending on the nature of the alkynyl nucleophile. 
The use of l-trimethylsilylphenylacetylene or l-trimethylsilyl-l-heptyne in refluxing DCM 
in the presence of KF/KI gave the complexed dienoates, 139 (56%) and 140 (46%) 
respectively (Scheme 73). 
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139 R = Ph 
140 R = C,H ll 
(56%) 
(46%) 
Although isomerisation of the (E,Z}-analogue to the more stable (E,£)-product is possible at 
high temperatures (75-IOO°C), it is not believed to be the reason behind the (E,£)-
stereochemistry of the product, as heating the analogue in retluxing DCM resulting in only 
the (E,Z}-starting material. Therefore it was proposed that the weak nucleophile can attack 
the's' or transoid pentadienyl cation only.94 It was also reported in the same publication by 
Donaldson, that alkynyl nucleophiles can not only react with the transoid cation but the 
cisoid complex too. This is dependent on the reactivity of the alkynyl nucleophile. It was 
realised that the use of alkynyl cuprates gave the desired addition products with exclusively 
(E,Z}-geometry, indicating the reaction proceeds via the 'u' type or cisoid cation (Scheme 
74). 
(OC))'Fe\~ ..•• 
: ID ~ 
'. " 
R 
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Et20rrHF 
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Of interest is the fact the reaction is totally regioselective, favouring addition at the 
unsubstituted, less sterically hindered terminus. This can be attributed to steric effects.95 
Donaldson and Tao later utilised this methodology in the synthesis of the central 
leukotriene LT ~ precursor.96 The synthetic strategy to form 145 relied upon the single 
adjunct to control both the stereochemistry of 6E,8Z-diene and of the 5-hydoxyl 
functionality (Scheme 75). 
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Reaction of the anion of I ,4-decadiyne with 136 in the presence of CuBr.Me2S gave a 
single isolable methyl diendiynoate complex in 64% yield. The 2E,4Z diene arises from 
nucleophilic attack on the cisoid cation and is determined by the I H NMR coupling 
constants. The regioselectivity is as expected; with the reaction proceeding at the less 
sterically hindered terminus. Further manipulation provides the 5-HETE methyl ester. 
The use of lithium-based alkynyl nucleophiles resulted in significant decomposition of the 
starting material and no products were isolated or characterised. 
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2.8.1.3 Allyl silane nucleophiles 
Uemura and co-workers97 reported the in situ treatment of a cationic pentadienyl iron 
complex with silyl enol ethers and allyl silanes to yield highly regio- and stereoselective 
coupling products. It has been proposed that the transoid cation 115 -complex is able to form 
before isomerisation to the more stable cisoid cation takes place. Therefore by taking each 
diastereoisomer of the 114-pentadienol iron tricarbonyl complex 146/147 in the presence of 
Lewis acid and a nucleophile, reaction takes place before the isomerisation to the stable 
cisoid cation complex, therefore with the process leading to the (E,£)- rather than (E,Z)-
geometry in the product (Scheme 76). 
R~~~ 
Fe(CO),' R' 
146 "< 
~::.J 
~ /u R-VL~~·'H 
Fe(CO), R' 
R 
Scheme 76 
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Allyl si lanes were introduced to a number of differently substituted complexed acetates, 
forming their respective products in yields ranging from 68-89%. In similar circumstances, 
silyl enol ethers were also reacted with the iron complexes but resulted in lower yields 
ranging from 52-69%. In both cases both diastereoisomers of the (E,E)-starting material 
acetates reacted to give the regio- and stereo-coupling products, with stereochemical 
retention at the position where the acetoxyl groups were located. 
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Roush and Wada98 later reported that reactions with alcohol- rather than acetate-derived 
starting materials, using BF3.OEt2 as the Lewis acid gave excellent yields and short reaction 
times using allyl silanes (Scheme 77). 
OH 
'l \e(COh 
R 
OTBS 
~OEt 
BF3·OEt2 
DCM 
• 
Scheme 77 
R' 
:::--
• 
'l \e(COh 
R 
148 R = allyl, R' = CH2C02Et (72%) 
Warming from -78°C to O°C over a period of30 min furnished 148 in 72% yield, whereas 
sluggish reactions were the result using both Me3AI and Et3AI at similar low temperatures. 
High stereoselectivity again was observed in this case and reaction via the transoid cation 
led to a retention in the geometry of the diene in the product. 
2.8.2 Cisoid products 
In contrast to the previous examples of nucleophilic addition to the 1']5 -pentadienyl 
complexes, nucleophiles including mild hydride donors, malonate and organocadmium-
based reagents99 afford products containing the (E,Z)-configuration, giving evidence of the 
high electrophilicity of the dienyl cations. 
2.8.2.1 Hydride donor nucIeophiles 
Reeves et a/lOO carried out the reaction of a series of cisoid iron tricarbonyl pentadienyl 
cations with the hydride donors sodium borohydride, sodium cyanoborohydride and lithium 
71 
triethylborohydride. Except when R = H, these reactions can potentially yield four products 
assuming the hydride attacks at the termini (Scheme 78). 
149 R=H 
150 R= CH3 
151 R = CH,CH3 
152 R = CH(CH3), 
I 
Fe(CO), Fe(CO), 
tfl) + H3cJI~R + 
RH2C 
II m 
Scheme 78 
Fe(CO), 
tfl~cH2R 
IV 
Reactions of cations 149 and 150 with NaBH4 were first described by Pettit and 
coworkers.76,lol In comparison to the ratio obtained of IIIII of 80:20, Reeves reported that 
products of retained configuration (I,ll) are preferred (70-85% retention, 15-30% 
inversion) (Table 9). The products of retained configuration arise from the preferential 
nucleophilic attack at the least hindered terminus of the cation. 
Cation Products (%) 
I 11 III IV 
149 78 22 
150 57 13 29 1 
151 85 11 4 
152 84 9 7 
Table 9 - Reduction of cations 149 to 152 by NaB~ 
Sodium cyanoborohydride is a milder, more selective reducing agent. These reductions 
showed a very strong preference for the products in which the configuration of the dienes 
were retained lO2 (Table 10). 
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Cation Products (%) 
I 11 III IV 
149 100 
150 36 56 3 
151 100 
152 100 
Table 10 - Reduction of cations 149-152 by NaBH1CN. 
In these reactions, steric factors were deemed to play an important role. When the 
substituent is small 148, there is some preference for attack at the substituted end, but this 
affinity is easily overcome as the substituent bulk increases. On the other hand, when the 
extremely nucleophilic species lithium triethylborohydride is utilised, there is a great 
preference for products possessing inverted configuration (Table 11). 
Cation Products (%) 
I 11 III IV 
149 100 
150 13 64 23 
151 18 65 17 
152 17 65 18 
Table 11- Reduction of cations 149 to 152 by Li(C2Hs)JBH. 
Attempted reactions with other potent donors such as lithium aluminium hydride led to 
total decomposition ofthe starting material. 
The course of the reduction reactions can be rationalised on the basis of kinetic or 
thermodynamic control, with the extremely rapid hydride donor giving rise to the kinetic 
product, whereas the less reactive donor undergoes reaction on the cisoid cation giving rise 
to the thermodynamic product with retained configuration. 
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2.8.2.2 Malonate nucleophiles 
The first known report of a malonate anion acting as a nucleophile towards pentadienyl 
systems was published in 1985 by Pearson and Ray.103 The isolated reactions initially 
involved simple cyclic pentadienyl complexes. However, DonaldsonlO4 went on to study 
the reaction extensively and found that malonate anions react with acyclic iron tricarbonyl 
pentadienyl cations at both the substituted and unsubstituted termini to afford the (E,2)-
substituted diene products. The reaction of the alkyl-substituted cations 153-155, in the 
presence of stabilised carbon nucleophiles, experiences poor regioselectivity with attack at 
both the C-I and C-5 termini (Scheme 79). 
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R 
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In both cases, the regioisomers display (E,2)-geometry of the double bond with exo attack 
on the dienyl ligand. The lack of regioselectivity for malonate attack at the I-alkyl 
pentadienyl cations may be rationalised on the basis of weak steric and electronic 
influences. 
On the other hand regioselectivity can be controlled in a number of cases. If the C-I 
substituent on the unsymmetrical acyclic system is a phenyl group, products arising from 
addition at C-I, C-4 and C-5 are observed in the ratio of 25:2:3. However if the C-I 
substituent is a p-methoxyphenyl ring 156, the single product results from the malonate 
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anion attacking the substituted 
configuration. (Scheme 80) 
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The high regioselectivity in these cases strongly suggests that the site of attack by malonate 
anions on substituted acyclic iron tricarbonyl pentadienyl cations is largely due to .charge 
control, with the p-methoxyphenyl group raising the relative energy of the pentadienyl 
LUMO and hence attack at the pentadienyl terminus is more able to stabilise the ',H' 
charge. However, when the C-l substituent was an ester group, Donaldson initially thought 
a single product 157 arising from the nucleophile attacking the unsubstituted end, still 
retaining the (E,Z)-configuration, was synthesised (Scheme 81). 
(OChFe~ ) , ~"-' • + • '. ;' 
Me02C 
138 
(OC),Fe 
LiCH(C02Me)2.. J'~ 
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Further studies by Donaldson105 led to a structural correction in the assignment of the 
product of this reaction. Decomplexation of the chromatographed product gave the 3-
substituted-2-vinylcyclopropane carboxylate 159. Therefore reassignment of the major 
product of the reaction between the cationic complex 140 and the lithium salt of dimethyl 
malonate led to the deduction that nucleophile attack occurs at the internal position C-2, 
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giving rise to the cr, It-allyl complex 158 (Scheme 82). A small quantity of product 157 
arising from attack at C-5 is also observed «5%). 
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This was the first reported attack by a malonate nucleophile at an internal position on an 
iron tricarbonyl pentadienyl cation, although the reaction of 138 with trimethylphosphite 
also proceeds via attack at C-2 and C-5 in a 2:3 ratio.106 The differences in regioselectivity 
for malonate attack on various substituted iron tricarbonyl complexed cations can be 
rationalised in the following fashion. The strongly electron-withdrawing ester moiety 
lowers the relative energy of the pentadienyl LUMO, allowing for a better energy match 
with the metal d-orbitals. This effects a greater transfer of electron density from the metal 
to the pentadienyl ligand at Cl, C-3 and C5. Therefore, nucleophilic attack at C-2 is the 
result of charge control; greater 0+ charge at C-2. The structure of the pentadienyl complex, 
158, resulting from attack of the malonate at the C-2 centre was unambiguously established 
by a single crystal X-ray structure. 107 This is consistent with other cr, It-allyl systems 
previously reported in the literature. I08 
2.8.3 Reaction with heteroatom nucleophiles 
A diverse range of heteroatom nucleophiles undergo reaction with the highly electrophilic 
iron pentadienyl systems under mild conditions, including oxygen, nitrogen, suI fur, fluorine 
and phosphorusl09 derivatives. It is has already been reported that a great deal of work has 
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been carried out in the reaction of reaction of oxygen derivatives including water and 
alcohols in the conformational analysis of pentadienyl iron tricarbonyl cations.8o.82 
2.8.3.1 Amine nucleophiles 
The addition of amines to the iron tricarbonyl pentadienyl cations gives rise to (E,2)- or 
(E,E)-dienylamine iron tricarbonyl depending upon their basicity. Consistent with the 
general trend, more basic amines tend to give cisoid products whereas less basic amines 
yield transoid products. 
The first report of the addition of amines to a iron tricarbonyl pentadienyl cation was by 
Musco and co workers in 1971.110 They carried out the reaction of a range of amines, with 
varying basic strength, on the 1,5-dimethylpentadienyliron tricarbonyl cation 160 (Scheme 
83). Although no yields were reported, they found that compound 162 was 
thermodynamically less stable than the related compound 163, with the bulky -
CH(Me)NHR2 in a syn position. Therefore it was deduced that reaction of strong 
nucleophiles with 161, afforded the kinetic product through an exo attack on the cisoid 
pentadienyl system. However thermodynamically controlled products, 163, can be obtained 
if weakly basic amines are used such as p-nitroaniline and p-bromoanilines. 
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Musco el al.94 followed up this study, reporting that addition of aniline and p-toluidine 
shows intermediate behaviour with the I ,5-dimethylpentadienyliron tricarbonyl cation. The 
ratios of the products displaying cis or Irans geometry was found to be dependent on the 
concentrations of the reacting amine. 
p-Toluidine reacts either through route A or route B, fstoichiometric amounts of amine are 
brought into the reaction with the cation 161, in concentrated or diluted solutions 
respectively. However, aniline follows route B if stoichiometric amounts of the amine are 
used but route A is followed if a large excess of the amine is used. 
On the other hand with respect to cation 161, even with a large excess of these 
nucleophiles, the cis-dienylamine complex is not formed. Assuming the stereochemistry of 
the products is related to the cisoid-Iransoid geometry of the intermediate cation, then the 
different behaviour indicates that cation 160 is more available to nucleophilic attack in the 
cisoid arrangement than cation 161, probably because of the steric hindrance imposed by 
the methyl groups present. 
Maglio and Pal umbo 111 extended the scope of the reaction by using the unsubstituted 
pentadienyl systems to give binuclear species by further reaction with cationic starting 
material (Scheme 84). 
RNH2 
Fe(COh 
JI~CH2NHR + 
Fe(COh 
JI) + 
RHN(H3C)HC 
Scheme 84 
Fe(COh Fe(COh 
JI~~~~_~JI~ 
Fe(CO), Fe(CO), 
JI) R (I~ 
H2C--N--CH2 
A requirement for these types of reaction is that the (dienylamine)iron tricarbonyls must be 
nucleophiles of a strength comparable to that of the original amines. 
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2.8.3.2 Sulfur nucIeophiles 
The first example of the addition of suI fur nucleophiles to such iron tricarbonyl cations was 
the stereoselective synthesis of chiral tetrahydrothiopyrans, based on the intramolecular 
trapping of iron tricarbonyl complexed pentadienyl cations by thiols ll2 (Scheme 85). 
~ ,oH 
Meo2c-..I! i ~~ 
Fe(CO), (CH2)4SH 
164 
Amberlyst 15j 
DCM 
~~~ S Me02C r;: Fe(CO), 
166 
Me02C ~ 
~ pH 
Meo2c-..I! i ~~ 
Fe(CO), (CH2)4SH 
165 
J 
Amberlyst 15 
DCM 
~:~ Me02C I: Fe(CO), S 
167 
Scheme 85 
The synthesis proves to be highly stereoselective starting from the 'Vexo thiol 164 (51 % 
overall yield; 166/167 = 98:2), but not so in the case of the 'Vendo thiol 165 (54% yield; 
166/167 = 45:55). The heterocyclisation was achieved using Amberlyst 15 resin in DCM at 
room temperature. Interconversion of these diastereoisomers is not observed under the 
reaction conditions and decomplexation of 166 or 167 using CAN smoothly afforded the 
free diene in 96% and 81 % yields respectively. 
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2.8.3.3 Fluorine nucleophiles 
Gree et a/ ll3 were the first to report the use of fluoride as the capturing nucleophile with r( 
diene complexed secondary alcohols and the corresponding in situ formation of the 
transoid cation to synthesise diastereomerically pure dienyl fluorides. Treatment of 'Vexo 
complex 168, with diethylaminosulfur trifluoride (OAST) at -50°C afforded the fluoride 
product 169, in 86% yield with complete retention of configuration (Scheme 86). 
~ ,oH Me02c~f L~~"H 
Fe(CO), R 
168 
~l 
Meo2cJ L~~"H 
Fe(CO), OH 
170 
OAST (1.25 eq.) 
.. 
OAST (1.25 eq.) 
• OCM. -50°C 
Scheme 86 
~/ Me02c~f L~~"H 
Fe(CO), R 
169 
~l Me02C~f L~~"H 
Fe(CO), F 
171 
The same high yield (86%) was also achieved with the 'Vendo complex 170, but the reaction 
proved to be less diastereoselective with a small proportion of the inversion product 
observed (96:4 ratio). The stereochemical leakage is again a limitation in the use of the 
'Vendo isomer. 
2.9 Application of organo-iron chemistry to natural product synthesis 
2.9.1 Aspidosperma alkaloids 
Limaspermine 172 is a member of the Aspidosperma class of alkaloids and bears a 
relatively unusual functionalised angular side chain at C-20. The efficient introduction of 
this side chain is an important requirement in the syntheses of these compounds. Pearson 
developed a route 1 14 which can be regarded as a significant milestone in the development of 
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applications of organoiron chemistry. The synthesis features the use of both 114_ and 115 -iron 
complexed dienes and utilises the excellent regio-and stereo-control which the iron species 
exerts on the reactions performed. 
Retrosynthetic analysis for the Aspidosperma alkaloids led to the intermediate 173 of a type 
available form a Michael addition to cyclohexenones. In this case, it was envisaged that the 
intermediate 174 was a promising candidate for synthesis by alkylation of the iron 
tricarbonyl complex 175. The precursor to this step, being easily obtained from the starting 
material 176 (Scheme 87). 
r-~J 0 CI~~I R2NI 
" \" 
OH ~~~ > 'OMe OMe 
OH o 0 
172 173 174 
n 
OMe OMe OH 
<=:=J <=::J 
(OC),Fe 
P~O P~O HO 
176 175 
Scheme 87 
The first few steps of the synthetic sequence are relatively straightforward, with alkylation 
of the phenol (62% yield), reduction of the acid (100%) and methylation (92%), followed 
by a Birch reduction (93%) giving a suitable entry into to the 1,4-diene 177. This was 
conjugated prior to complexation with Fe2(CO)9 in order for it to be obtained as a single 
regioisomer. This was followed by the formation of the 115 -iron complexed pentadienyl 
cation 175. Subsequent alkylation with dimethyl malonate performed using a potassium 
counterion, gave the best regiocontrol [9: 1 (178)]. The use of the isopropyl ether was 
81 
chosen as this had been shown before to give superior regiocontrol during alkylation. I IS The 
choice of stabilised enolates such as malonates as the nucleophile in these reactions arose 
because of their excellent ability to alkylate a substituted terminus of the dienyl cation 
(Scheme 88). 
The remaining steps in the synthesis make no further use of the metal, therefore a number 
of remaining stepsl16 are carried out including the decomplexation of the metal fragment to 
afford limaspermine 172. 
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1. (CH,hCHBr, 
(CH,hCHOH 
NaOH 
• 3. NaH, Mel 
4. Li, NH, 
KH(CO~Meh 
THF 
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Me02C 
(OC)~'Fe~, )--C02Me 
OMe 
. ~ 
Pr'O 
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P~O 
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• 
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oM;] PF. 
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.. 
DCM 
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Scheme 88 
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2.9.2 Tricothecanes 
A more recent example of the application of organoiron chemistry to natural product 
synthesis is Pearson's route into tricothecanes, illustrating protection, stabilisation and 
masked functionality in the approach. 
The use of methoxydiene complexes as precursors to enones, provides an excellent 
example of masked functionality. Unlike the free diene ligand, methoxydiene complexes 
are not hydrolysed by aqueous acids, nor do they undergo reactions with many reagents 
commonly used with ketones and enones. Due to their excellent stability, diene complexes 
of Fe(CO)3 are well suited for use as masked functional groups. 
The metal complex 180 is introduced in the course of the carbon-carbon bond formation by 
the alkylation of the corresponding dienyl cation 179. 117 Two reduction steps using NaBH4 
and DIBAL are carried out on the complex to furnish 181 and 182 respectively. This is 
followed by an epoxidation before the unmasking of the 4,4-disubstituted cyclohexenone 
prior to cyclisation to form 183H8 A series of reactions eventually furnished the 
tricothecane 184 (Scheme 89). 
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The synthesis has since been further developed to provide more complex analogues 1 19 but 
this initial approach demonstrates the versatility shown by the iron tricarbonyl complexes 
and their synthetic importance in organic chemistry. 
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3.0 Results and Discussion (part 1) 
3.1 Novel trapping of '15 -pentadienyl cation stabilised ring-opened cyclopropane 
3.1.1 Background 
Stereoselective nucleophilic addition towards iron tricarbonyl pentadienyl complexes is 
well established methodology.93.97.98.104 Tsuji,120 Yamamato l21 ,I22,I2J and Trostl 24 have 
previously reported palladium catalysed ring-opening of alkylidene-cyclopropanes and their 
subsequent cyclisation with double bond species to form five-membered ring systems. 
Work within our group extended this methodology via the reaction of a homo bimetallic 
alkynyl diester cyclopropane 185 with a range of aldehydes and imines to provide a range 
offunctionalised tetrahydrofurans l25 and pyrrolidines 186,126 respectively, in good yield but 
poor diastereoselectivity (Scheme 90). 
C02Me ~co2Me 
oc,.~co 
OC"'I I 'co 
co co 
185 
x 
R 
y 
• 
BF30Et2 
Scheme 90 
Me02C 
,,' x 
OC1,·t'Q_Co··I\CO 
OC"'I I 'co 
co co 
186 
R 
x = O/NR' 
The above research coupled with an account by Turosl 27 reporting the synthesis of 
tetrahydrofurans and pyrrolidines via a [3+2] cycloaddition involving 1t-allyliron complexes 
with carbonyl compounds and imines respectively, led to a further investigation into the 
extension of these methodologies to create a novel route to highly functionalised five-
membered ring species. The basis of this route was an activated cyclopropane carrying 
cation-stabilising (iron complexed diene) and anion-stabilising (diester) moieties, 
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3.1.2 Development of the 1J4-iron diene cyclopropane 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 187 
was synthesised, as shown in Scheme 94. It was suggested that upon treatment with a 
Lewis acid, this would form a doubly stabilised 1,3-dipole which could be trapped with a 
range of aldehydes or imines to form highly functionalised tetrahydrofurans and 
pyrrolidines 189 (Scheme 91). Ring-opening of the highly strained cyclopropane via 
cleavage of a carbon-carbon bond, generates a 1")5 -iron tricarbonyl pentadienyl complex and 
a doubly stabilised anion adjacent to the diester 188. This could then be trapped by the 
addition of the electrophile. 
C02Me 
~C02Me 
Fe(CO), 
187 
Fe(CO), 
~I'\ I:. ® " 
Me02C 
x 
R 
} 
.. 
ZnB'2, DCM 
rt 
189 
Fe(CO), 
ft~co2Me 
·_-t ) C02M. 
x~ 
C02Me R 
cisoid 188 transoid 
Scheme 91 
x = 0, NR' 
With closer inspection of the reaction, there are a number of important issues to consider. 
I. Whether or not the reaction proceeds through the transoid or cisoid intermediate 
pentadienyl system, 188, thus affecting the geometry of the double bond in the final 
product (Scheme 91). 
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2. In which confonnation (s-trans or s-cis) does the reaction proceed through and 
ultimately whether the aldehyde attacks anti or syn to the iron tricarbonyl group 
(Scheme 92). 
Fe 
1i1~f!!J/ C02Me e 
C02Me 
s-trans s-cis 
Scheme 92 
3 .. The tetrahydrofuran 187 which is formed as a result of the reaction can exist as 
four possible diastereoisomers (Scheme 93). However because the reaction can 
proceed through both the cisoid and transoid intennediate, the reaction could 
provide a total of eight products. 
Fe(CO), C02Me IiI~u~~r+C02Me 
~o+R 
H 
C02Me 
r--+'--C02Me 
o R 
H 
Scheme 93 
C02Me 0X±C02Me 
Fe(CO), ° ~ R 
H 
This is important when considering the diastereomeric ratio obtained from the reaction and 
can indicate possible mechanistic aspects regarding the reaction pathway. 
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The formation of iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid 
dimethyl ester 187 was initially carried out via a three-step route (Scheme 94). 
190 191 
C02Me ~C02Me 
. Fe(CO), • 
1.5:1 (EIZ) 30-40V. 
187 
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DMF 
Fe2(CO)9 
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193 
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Deprotonation of dimethyl bromomalonate 190 using potassium carbonate and subsequent 
addition of acrolein 191 gave 2-formyl-cyclopropane-I,I-dicarboxylic acid dimethyl ester 
192128 as a light brown oil in >95% yield without the need for further purification. The 
Wittig salt, allyl triphenylphosphonium bromide 193, was then quantitatively synthesised 
via the reaction of allyl bromide and triphenylphosphine in refluxing toluene. 129 The 
aldehyde was consequently reacted with the Wittig salt in the presence of DBU whilst 
refluxing in THF, to furnish 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl 
ester 194130 in yields ranging between 30 and 60% after purification. The ratio of £IZ-
geometry of the double bond was 3:1 respectively, determined by IH NMR analysis. On 
analysis, the geometry of the double is expected as the Wittig salt is stabilised by the allyl 
group present. Finally the diene cyclopropane was complexed with diiron nonacarbonyl in 
refluxing THF, to form the corresponding starting material 187, in moderate yields, 30-
40%, as a yellowy-orange oil. 
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The capricious Wittig reaction resulted in varying yields and a mixture of the two isomers. 
Alternative methods were investigated to try and increase yields and also increase the 
selectivity of the reaction. Homer variation of the Wittig reaction involved using a 
stabilised Wittig salt, allyl diphenylphosphine oxide. III This was applied to 2-formyl-
cyclopropane-I, I-dicarboxylic acid dimethyl ester but the highest yield attained was a poor 
26% and the majority of attempts resulted in -10% yields, however the E-isomer was 
formed exclusively, determined by IH NMR analysis. 
The Wittig reaction was then performed utilising a number of different conditions (Table 
12), in order to achieve consistently moderate to good yields of the desired diene. 
Wittig Base Solvent co-solvent Temp Yield (194) ElZratio 
substrate 
I n-BuLi THF HMPA -78°C-rt 26% 1:0 
I n-BuLi THF DMPU -78°C-rt 15% 1:0 
I NaH THF O°C_rt 192 (20 % recov.) 
I KO'Bu THF rt 192 (20 % recov.) 
I KO'Bu THF Reflux 192 (18 % recov.) 
2 n-BuLi THF -78°C-rt Decomposition 
2 NaH THF O°C_rt 192 (17 % recov.) 
2 K2C03 Toluene Reflux Decomposition 
2 DBU THF Reflux 40-45% 3: I 
Key-l = allyl diphenylphosphine oxide 
-2 = Allyllriphenyl phosphonium bromide 
Table 12 
It is not known why the substrate appears so vulnerable when subjected to the Wittig 
conditions but it is thought the stability of the cyclopropane ring may be poor. TLC 
analysis in most cases revealed small traces of starting material with the product as the 
predominant spot. However on isolation, after column chromatography, the yield was 
disappointing. 
As yields were still only moderate, a different synthetic route was attempted. Employing 
the selective organometallic reagent indium,132 in a Grignard type reaction to form the 
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allylic alcohol 195 followed by a dehydration133 would access the required diene (Scheme 
95). 
Me02C 
C02Me C02Me ~C02Me MsCI > 
DBU 
194 195 
nBrln~ 
196 
0 
·'IC·' Me02CXC02Me + ( K2C03 <: I Br DMF 
0 
190 191 192 
Scheme 95 
Initially the allylation reaction was carried out in an attempt to target the allylic alcohol 
195; the precursor to the diene. Allyl indium bromide 196 is formed in situ and subjected to 
the aldehyde in aqueous media. Disappointingly, 4-allyl-2-oxo-3-oxa-bicyclo[3.I.O]hexane-
I-carboxylic acid methyl ester 197 was formed as two inseparable diastereoisomers, 
approximately 2: I ratio by 1 H NMR, in 88% yield (Scheme 96). 
Br ( 
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The alcohol does form initially but immediately undergoes an intramolecular cyclisation 
onto one of the ester moieties to form lactone 197. Therefore the target molecule was not 
achieved and the undesired product was a major limitation in employing the use of allyl 
indium compounds. 
In conclusion, the use of DBU with allyl triphenylphosphonium bromide in THF at reflux, 
although only resulting in yields ranging between 40-45%, was consistent and deemed to 
be the best conditions for the introduction of the diene motif. 
3.1.3 Optimisation studies 
Following the synthesis of the iron diene complex, the cycloaddition reaction was 
, 
investigated. Preliminary trials using ethyl glyoxylate and a range of Lewis acids and 
solvents were carried out. The results with strong Lewis acids such as TiCI4, AICh and 
SnCI4 were disappointing, causing significant decomposition of the starting material at -
78°C, O°C and room temperature with no corresponding tetrahydrofuran being formed. 
Milder Lewis acids including Cu(OTf)2 and Cu(acach showed no signs of reactivity. The 
use ofBF3.OEtz revealed a more polar compound by TLC which on isolation, was found to 
be the product 198, in a poor 31 % yield due to a significant amount of decomposition. 
Yb(OTf)3 also was used successfully with the product being formed in 55%. Zinc bromide, 
however, gave the best results, with formation of the product in 63% yield although 
catalytic use of both these Lewis acids was ineffective, with only starting material being 
recovered. In the initial Lewis acid screen, in each case, the observed diastereomeric ratio 
between the C-2, C-5 position was I: I, cis to trans, determined by IH NMR spectroscopy. 
An extensive study was then carried out to discover the optimal conditions required for the 
reaction, using ethyl glyoxylate as the electrophile, and zinc bromide as the Lewis acid 
(Scheme 97, Table 13). 
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Zinc Aldehyde Bromide Temp Solvent 
{eg.} (eq.) 
I rt DCM 2 
2 rt DCM 2 
10 rt DCM 2 
2 rt 2 
2 Reflux DCM 2 
2 rt 'wet' DCM' 10 
2 rt 'wet' DCM 2 
2 rt THF 2 
2 Reflux THF 2 
2 rt Toluene 2 
2 Reflux Toluene 2 
Table 13 
• 
C02Me 
~ r-f-co2Me 
If t(~O)....C02E! 
198 
Isolated Yield d.r. 
(%) (cis:trans) 
37 I : I 
63 I : I 
61 I : I 
48 I : I 
56 I : I 
63 I : I 
59 I : I 
187 (53% recov.) x 
187 (52% recov.) x 
46 I : I 
32 I : I 
Firstly, the number of equivalents of Lewis acid was shown to have an effect on the overall 
reaction yield. One equivalent gave a moderate yield of only 37% whereas the use of two 
and above equivalents gave better yields ranging from 46-63%. It was also discovered that 
two equivalents of aldehyde were optimal to attain consistent yields. Investigating the 
reaction boundaries also brought about the discovery that the reaction could be carried out 
in 'bench' DCM without the need for an inert atmosphere such as argon or nitrogen, and 
without significant depreciation of the product yield. Increasing the temperature by carrying 
out the reaction at reflux in DCM failed to improve the yield, resulting in only 56% 
conversion. Increasing the temperature with the use of toluene resulted in a significantly 
lower yield of 32%. This is probably due to a significant amount of decomposition at raised 
temperatures and the destabilising influence of the apolar solvent on the 1,3-dipole. The 
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reaction failed to furnish any of the desired product using THF as the solvent at both room 
temperature and reflux. 
In conclusion the optimum reaction conditions were found to be the use of two or more 
equivalents of both aldehyde and Lewis acid, in DCM at room temperature. In each case no 
change in diastereoselectivity was observed with a I: I cis to trans ratio across the ring in 
the 2,S-positions. 
The reaction was also performed using microwave conditions in the absence of Lewis acid. 
It was proposed that sufficient energy could be provided to ring open the cyclopropane to 
reveal the 1,3-dipole. This was not the case and the corresponding tetrahydrofuran was not 
formed. However, when ZnBr2 was added using ethyl glyoxylate as the electrophile, the 
corresponding tetrahydrofuran was afforded in 64% yield in only 10 min, suggesting the 
microwave radiation does significantly increase the rate of reaction. In a similar fashion, 
high temperatures were also attempted to cleave the carbon-carbon bond of the 
cyclopropane. Therefore the reaction was carried out with ethyl glyoxylate, in toluene and 
xylene at reflux, in the absence of Lewis acid. Unfortunately, no sign of the corresponding 
tetrahydrofuran was evident, concluding the use of Lewis acid is vital for the reaction to 
proceed. 
To the best of our knowledge this is the first example of the generation of a 1]5 -pentadienyl 
complexed cation by carbon-carbon bond cleavage rather than carbon-heteroatom cleavage. 
3.1.4 Cyclisation with aldehydes 
A number of 1,3-dipole cycloadditions were carried out with a variety of different 
aldehydes (Scheme 98), using the previously optimised method employing two equivalents 
of both the electrophile and ZnBr2 at room temperature. 
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A library of 2,5-disubstituted tetrahydrofurans was furnished in moderate to good yields 
and exhibiting a range of diastereoselectivities (Table 14). 
Yield d.r. 
Electrophile Product (%) (cis:trans) 
CO,Me 
ethyl glyoxylate ~CO'Me 63 1 : 1 
t(COh 0 CO,Et 198 
CO,Me 
fl ~ CO, Me benzaldehyde 30 2: 1 
Fe(CO), 0 
199 
CO,Me 
fl ~ CO,Me p-nitrobenzaldehyde 50 1 : 1 
Fe(COh 0 
NO, 200 
CO,Me 
fl ~ CO, Me p-bromobenzaldehyde 38 1.4:1 
Fe(CO), 0 
Br 201 
CO,Me 
fl ~ CO,Me anisaldehyde 73 4:1 
Fe(CO), 0 
OMe 202 
94 
Table 14 
The results show that electron-rich, electron-neutral and electron-deficient aldehydes all 
undergo cycloaddition, to afford the corresponding polysubstituted tetrahydrofuran 
derivatives. 
On analysis of the results, the diastereoselectivity of the reaction does appear encouraging. 
As already highlighted, there are four possible diastereoisomers for the outcome of the 
reaction. The results show only one cis- and only one trans-2,5-disubstituted product is 
formed (Figure 11). 
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Fe(CO), C02Me EI~c02Me 
t 0 ~ R 
The aldehyde attacks anti to the face in which the iron group occupies, exerting total stereoccntrol at 
the position adjacent to the diene. 
Figure 11- The two products as a result of a [3+2) cycloaddition between an aldehyde 
and iron tricarbonyl cyclopropyl diene, 187. 
This suggests that the iron group is exerting complete stereocontrol over the formation of 
the a-stereocentre, and relatively little over the second position, which is far more remote. 
In contrast to the results previously published within the group involving the dicobalt 
system and the electrophilicity of aldehydes,125 higher yields were not obtained with 
electron deficient aldehydes. For example the electron-rich anisaldehyde and 3,4,5 
trimethoxybenzaldehyde underwent reaction to the corresponding tetrahydrofurans 202 and 
203 in 73% and 61 % yield respectively, whereas benzaldehyde only provided 30% 
conversion. 
The results do show a trend in relation to the electronic properties of the aldehyde used. 
The results highlight that the bulkier and more electron-rich aldehydes exhibited an 
increase in diastereoselectivity favouring the cis 2,5-disubstituted ring. The use of electron-
poor aldehydes such as ethyl glyoxylate and p-nitrobenzaldehyde (products 198 and 200) 
gave only I: I diastereomeric ratios, whereas anisaldehyde resulted in a d.r. of 4: I 
(cis:trans). As expected, reaction with isobutyraldehyde resulted in a diastereomeric ratio 
of 10: I favouring the cis isomer 205 presumably due to the steric bulk imposed by the 
isopropyl group. 
a,~-Unsaturated aldehydes also proved to be effective dipolarophiles, with acrolein 
resulting in the tetrahydrofuran 206, in 20 % yield. Only a trace amount of the cyclopentane 
derivative -the competing 1,4 addition product was observed. 
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The previous optimisation study was only carried out on ethyl glyoxylate, which gave a 
diastereomeric ratio of I: 1 (eis:trans). Therefore, for completion, a brief study was carried 
out using isobutyraldehyde, which gave a ratio of 10:1 (cis:trans) when subjected to the 
standard conditions (Table 15). 
Lewis acid Temp Solvent Aldehyde Yield (%) d.r. (eq.) (eq.) (cis:trans) 
10 rt DCM 2 20 10: I 
4 rt DCM 2 15 10: I 
3 -78°C DCM 2 187 (35% x 
recov.) 
3 O°C DCM 2 Trace 10:1 
3 IO°C DCM 2 14 10:1 
3 Reflux DCM 2 15 10:1 
3 Reflux Toluene 2 9 10:1 
2 rt DCM 2 33 10:1 
Table 15 
In each successful case the d.T. remained the same regardless of the reaction conditions 
employed, presumably in this instance due to, as previously mentioned, the steric bulk of 
the isopropyl group. The standard conditions as previously used, gave the best yield. 
The relative stereochemistry between C-2 and C-5 of the tetrahydrofuran can be assigned 
from the shifts of the CH2 protons in the ring, with the eis- or trans-arrangement of the 
adjacent proton (Figure 12). A smaller difference of between 0.12-0.28 ppm is seen for the 
double doublets in the eis-isomer 198(a) and a much larger 0.63 and 0.81 ppm difference 
for the trans-equivalent 198(b). 
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Figure 12 - IU NMR assignment of the cis- and Irans- isomers 
An example of this can be clearly seen on closer inspection of the IH NMR spectrum of 
both the eis-isomer 198(a) (Figure 13) and trans-isomer 198(b) (Figure 14) of iron 
tricarbonyl 5-buta-\ ,3-dienyl-tetrahydrofuran-2,3,3-tricarboxylic acid 2-ethyl ester 3,3-
dimethyl ester, which were separated successfully by column chromatography. 
The methylene protons are between 2-3 ppm in both cases. The spectra also demonstrate 
the effect that the iron tricarbonyl species has upon the shift of the protons associated with 
the diene moiety, with the endo-protons being dramatically shifted upfield to values around 
0.5-2 ppm instead of the expected 5-6 ppm range. 
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Figure 13 - IH NMR spectra of eis-iron tricarbonyI5-buta-l,3-dienyl-tetrahydrofuran-
2,3,3-tricarboxylic acid 2-ethyl ester 3,3-dimethyl ester 
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Figure 14 - IH NMR spectra of trans-iron tricarbonyI5-buta-l,3-dienyl-
tetrahydroruran-2,3,3-tricarboxylic acid 2-ethyl ester 3,3-dimethyl ester 
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Confinnation of this hypothesis was achieved by individual nOe experiments irradiating H. 
and Hb on both products. A positive nOe difference was observed for the eis-product and no 
interaction was seen for the trans-product. An X-ray crystal structure of the trans-isomer 
provided further evidence for this analogy (Figure 15). 
Figure 15 - X-ray structure oftrans-iron tricarbonyI5-buta-l,3-dienyl-
tetrahydrofuran-2,3,3-tricarboxylic acid 2-ethyl ester 3,3-dimethyl ester 
Interestingly the X-ray structure highlights three stereochemical aspects involved with the 
range oftetrahydrofurans fonned. These are: 
I) The position of the 2,5-substituents across the ring relative to each other. 
2) The E-geometry of the diene. 
3) The planar chirality which is exhibited by the iron tricarbonyl species. 
The E-geometry of the diene does suggest the reaction proceeds through a transoid 
pentadienyl system intennediate. This is of interest and together with the fact that the X-ray 
highlights the aldehyde attacking from the opposite face from which the iron occupies, it 
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can be deduced the reaction proceeds through the s-Irans conformation. This is to be 
expected as this minimises imy 1,3-diaxial interactions present (Scheme 99). 
s-trans s-cis 
Scheme 99 
In an effort to increase the diastereoselectivity of these reactions, studies were carried out at 
lower temperatures. It was found that on addition of Lewis acid to the r(diene 
cyclopropane and electrophile at -78°C and O°C, no reaction occurred and only starting 
material was isolated, suggesting that at lower temperatures the cyclopropane ring does not 
open. To inspect whether or not the diastereomeric ratios were thermodynamically or 
kinetically controlled, both the separated isomers of iron tricarbonyl 5-buta-I,3-dienyl-
dihydro-furan-2,3,3-tricarboxylic acid 2-ethyl ester 3,3-dimethyl ester 198 were treated 
individually with ZnBr2 in DC M, both at room temperature and reflux. In both cases no 
change in d.r. was observed, establishing the carbon-oxygen bond is not labile and the 
reaction is irreversible leading to the kinetic product. Further evidence was provided when 
complex 198, formed as a I: I diastereomeric ratio, was subjected to the original reaction 
conditions. This identified whether or not there was a change in the diastereomeric ratio of 
the product. Iron tricarbonyl 5-buta-I,3-dienyl-2-isopropyl-tetrahydrofuran-3,3-
dicarboxylic acid dimethyl ester 205 as a 10: I cis:lrans ratio was also subjected to the 
reaction conditions. In both cases there was no change in d.r. 
Studies to identify whether or not the carbon-carbon bond is labile were also carried out. 
Under identical reaction conditions as above, allyl-(4-nitro-benzylidene)-amine 43 was 
added to iron tricarbonyl 5-buta-1 ,3-dienyl-tetrahydrofuran-2,3,3-tricarboxylic acid 2-ethyl 
ester 3,3-dimethyl ester 198 to see if a mixture of the products of the two electrophiles was 
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formed. Only a I: I mixture of the original starting material complex 198 was attained 
revealing that once the carbon-carbon bond is created, it cannot be broken under the 
reaction conditions. 
Even though the reaction furnishes two diastereoisomers, the presence of the iron species 
does completely control the stereochemistry of the !l-stereocentre via the planar chirality of 
the iron species also leading to the reaction being carried out solely on the s-trans 
conformation. The cisltrans ratio that arises from the 2,S-disubstitution arises from the 
direction of attack of the malonate enolate onto the aldehyde which is not controlled by the 
presence of the iron species but possibly due to the steric properties imposed by the 
aldehyde. 
A variety of ratios have been achieved with electron rich aldehydes, in general, providing 
entry into higher diastereoselectivities, compared to those of electron deficient nature. 
The mechanism of the cycloaddition is not fully understood. Kerr et at carried out extensive 
studies using I,I-cyclopropane diesters as reactive intermediates. The majority of their 
work is based on homo [3+2] dipolar cycloadditions focusing on the reaction of nitrones 
with cyclopropanes to furnish a range oftetrahydro-I,2-oxazine rings. 134 The co-ordination 
of a Lewis acid to one or more of the ester moieties and the increased reaction rates with a 
It-system vicinal to the diester functionality can be used to consider the nature in which the 
cyclopropane undergoes a significant degree of charge separation. This separation is 
significantly enhanced by the presence of a carbocation-stabilising group on the 
cyclopropane unit (Figure 16). 
,Yb(OTf), 
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Figure 16 - Lewis-acid induced polarization of l,l-cyclopropane diesters. 
Kerr l35 postulated three scenarios for the addition of nitrones to activated cyclopropanes. 
The first being stepwise attack by the nitrone oxygen on the cyclopropane ring. This 
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coincides with Kerr's observation that I,I-cyclopropane diesters behave very much like 
a,j3-unsaturated esters. This would then be followed by malonate attack on the resulting 
iminium cation 208. (Scheme 100). 
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The second theory was a concerted cycloaddition in which the transition state has the 
cyclopropane largely ring-opened to the I,3-dipolar species and reacting with the 1,3-
dipolar nitrone 209 (Scheme 101). 
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The last premise is based on a fully concerted [3+2] cycloaddition in which the transition 
state has the nitrone reacting with the strained cyclopropane a-bond (Scheme 102). 
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Consistent with Sibi's report l36 and Kerr's second dipole-dipole interaction theory, it is 
proposed with respect to the 1]4-complexed diene cyclopropane, that a mechanism involving 
extensive or total ring-opening to a zwitterionic species occurs. This is due to the ability of 
the diene substituent on the cyclopropane to stabilise a developing carbocation . .Jt is also 
thought that the Lewis acid assists in ring-opening by stabilising the malonate anion. 
It is believed that the diastereoselectivity arises from the aldehydes coordinating to the 
electropositive 1]5 -pentadienyl system first in an SN I type process, followed by the enolate 
equivalent carrying out attack onto the aldehyde causing the ring closure to the five-
membered tetrahydrofuran in a stepwise sequence (Scheme 103). 
C02Me ~C02Me + J 
Fe(CO), MeOC.H4 
ZnBr2 
DCM 
rt 
187 , , 
, 
, 
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Scheme 103 
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On closer inspection of the crystal structure (Figure 15), it is also apparent that the section 
of the ring attributed to the aldehyde starting material, is in fact on the opposite face to the 
iron tricarbonyl species. This is consistent with an abundance of reports in the literature that 
show the nucleophile does indeed attack anti to the face of which the iron species 
occupies.93.97.98.104 
3.1.5 Evidence of 'Is -pentadienyl intermediate 
Interestingly, further evidence from the x-ray crystal structure (Figure 15) confirms the E-
geometry of the die ne. This suggests the reaction is going through the more reactive 
transoid intermediate before it isomerises to the more thermodynamically stable cisoid 
intermediate. 
Further mechanistic evidence for this came from isolating of the reactive intermediate as its 
tetrafluoroborate salt (Scheme 104). Tetrafluoroboric acid was added slowly at ooe to a 
solution of the starting material complex, iron tricarbonyl 2-buta-l ,3-dienyl-cyclopropane-
1, I-dicarboxylic acid dimethyl ester 187 in ether to form the salt, iron tricarbonyl 2-hexyl-
malonic acid dimethyl ester tetrafluoroborate 210, as a red residue in 52% yield. 
C02Me -:-:I B~ 
Ijll:\ 1\ ~ 1-C02Me _H_BF.;:.4-l.~ ~C02Me I 1/ L~ Ether (OC),Fet.-It>_. C02Me 
Fe(CO), O°C "" 
52% 
187 210 
Scheme 104 
From 1 H NMR analysis it is evident that the more stable cisoid intermediate is formed. 
With iron tricarbonyl 2-hexyl-malonic acid dimethyl ester tetrafluoroborate 210 in hand, a 
further reaction was performed with the addition of ethyl glyoxylate and base in an attempt 
to carry out the reaction sequentially in order to increase the diastereoselectivity of the 
reaction (Scheme 105). 
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o y C02Me BF~ ~C02~ 
(OC)'Fe-t::. • C02Me 
Et02C 
NEt3 
MeCN 
.. 
~~02Me 
Fe(CO), 0 C02Et 
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Scheme 105 
The reaction was carried out a number of times but unfortunately no reaction was observed. 
Although the complex salt 210 was found to be highly unstable, it is believed the cisoid 
intermediate does not isomerise back to the more reactive transoid intermediate and that the 
resulting stable, sterically cumbersome diene complex is too hindered for the reaction to 
take place, hence providing further evidence for the mechanism proceeding through the 
transoid intermediate. 
Further evidence for the formation of the transoid intermediate was provided by the in situ 
nucleophilic addition of methanol. The starting material complex 187 was dissolved in 
methanol and ZnBr2 added. This led to the ring-opened product, iron tricarbonyl 2-(2-
methoxy-hexa-3,5-dienyl)-malonic acid dimethyl ester 211 in 62% yield, with the addition 
of the methoxy group at the internal position as one diastereoisomer, presumably arising 
not only from the addition anti to the iron species but the on the s-trans conformation 
(Scheme 106). 
MeOH 
187 
ZnBr2 
IiFI~e ) C02Me r; ~ ® .•• ,H 
C02Me ~Me~ .,H ?02Me 
s-trans ----t .. ~ 1/ I ~~ 
Fe(CO), C02Me 
.. 
MeOH 
211 69% 
s-cis 
Scheme 106 
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From I H NMR analysis, the E-configuration of the diene was confirmed; indicative of the 
reaction proceeding through a transoid intermediate. Decomplexation of 211 gave the 
naked diene, as one isomer and provided further confirmation of the identity of 211 
(Scheme 107). 
~C02Me 
Fe(CO), OMe C02Me 
214 
3.1.6 Cyclisation with imines 
CAN (3 eg.) • 
MeOH/Acetone 
rt 
Scheme 107 
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Previous work within the group has demonstrated the formation of pyrrolidines via the 
reaction of the bis-cobalt cyclopropane 185 with a range of different imines. These were 
afforded in good to excellent yield but with only moderate selectivity.126 With the success 
of aldehydes in forming a library of tetrahydrofurans, the methodology was extended with 
the iron complexed diene cyclopropane, using imines as the electrophile to target a series of 
pyrrolidines (Scheme 108). 
C02Me 
~C02Me 
Fe(COb 
187 
ZnBr2. DCM 
rt 
Scheme 108 
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The required imines 40 were made via reaction of the desired aldehyde and amine in 
equimolar quantities, stirring in diethyl ether for 18.0 h over molecular sieves. Filtration 
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and concentration in vacuo, led to the desired products 213-218 in yields ranging from 76 
to 84% (Scheme 28). The imines were mostly based on allyl amine, due to the potential of 
further manipulation, condensed with a number of the aldehydes, as previously used to 
form the tetrahydrofuran ring systems. 
Mol Sieves 
Diethyl ether 
18.0h.rt 
Scheme 28 
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The imines generated were then subjected to the reaction conditions as previously 
optimised with the aldehyde substrates, to form a range of iron complel,'ed pyrrolidine 
structures (Table 16). 
d.r. 
Imine Product Yield % (cis:lrans) 
Ph C02Me ) fl ~ C02Me 
N ( Fe(CO), N 39 1:0 
213 137 ( 214 
C.H4CI C02 Me ) fl ~ C02Me 
N ( Fe(COh N 34 1:0 ( Cl 215 216 
108 
C6H4Br C02Me ) 1'1 ~ C02Me 
N ( Fe(CO), N 37 1 :0 ( Br 217 218 
C6H4N02 CO2 Me ) n~ C02Me 
N ( Fe(CO), N 41 1 :0 ( N02 43 137 219 
1 C02Me l' 1 ~ C02Me 
N v Fe(CO), N 5 1 :0 ( ( 
220137 221 
C02Et 
C02Me 
) ~C02Me 
N 
9 
Fe(CO), N C02Et 
9 16 1 :0 222 137 OMe OMe 223 
Table 16 
The reasons for the poor to moderate yields are not fully known. It appeared that the 
isopropyl system produced a particularly poor yield, which is attributed to the steric bulk of 
the imine. It was also noticeable that some of the imines were particular unstable, with 
storage at ooe necessary for many. This may have contributed to the lower yields obtained. 
Further evidence for this arose when a number of unstable and sensitive imines were 
synthesised 42, 224aJb137 (Scheme 109) and when subjected to the reaction conditions, 
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hydrolysed, giving very low yields of the corresponding tetrahydrofuran product «5% in 
each case). 
C02Et ). 
N 
+ 
C02Et ) 
N ( 
42 224a 224b 
Scheme 109 
In an attempt to enhance the yields, a range of reaction conditions including the use of a 
number of different Lewis acids, solvents and temperatures was investigated. With allyl-(4-
nitrobenzylidene)amine 43, employed as the electrophile each time. Stronger Lewis acids 
such as TiCI4, AICb, and SnCI4 resulted in no reaction, with minor quantities of starting 
material being recovered due to significant decomposition. The use of BF3.OEh did furnish 
the desired product but in an even lower yield. Interestingly, the use ofCu(OTf)2, Yb(OTf)3 
and ZnBr2 also gave the product in similar yield. A number of solvents were also 
investigated. Both THF and DMF gave only starting material, whereas diethyl ether and 
toluene furnished the product in lower yields, 18% and 25% respectively with ZnBr2 as the 
Lewis acid. At -78DC to ODC there was no evidence of reaction, whereas increasing the 
temperature to IODC, rt and reflux in DCM provided no significant change in the yield of 
the resultant pyrrolidine. 
However, regardless of the poor to moderate yields obtained, to our delight, the 
stereochemistry was exclusively cis in each case providing a totally diastereoselective 
reaction. As in the case when using aldehydes, it appears the iron tricarbonyl species exerts 
powerful stereocontrol on the u-stereocentre but in this case stereocontrol across the ring is 
also controlled. In this case, it is probably too far away from the iron species to be affected 
by it so is probably due to destabilising pseudo-axial interactions in the trans-pyrrolidine 
formation, which is discussed later (Scheme 119). Analysis by nOe of iron tricarbonyl 1-
lID 
allyl-5-buta-1 ,3-dienyl-2-( 4-nitro-phenyl)-pyrrolidine-3,3-dicarboxylic acid dimethyl ester 
219 confirmed the eis-arrangement, giving rise to a positive interaction between protons at 
the C-2 and C-5 positions. 
Again, the IH NMR spectrum of 219 (Figure 17) highlights the effect the highly 
electropositive iron tricarbonyl species has on the endo-diene protons and the relative 
position of the CH2 protons associated with the eis-isomer. 
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Figure 17 _IH NMR spectrum of iron tricarbonyll-allyl-S-buta-l,3-dienyl-2-(4-nitro-
phenyl)-pyrrolidine-3,3-dicarboxylic acid· dimethyl ester 219 
An X-ray crystal structure of the eis-isomer 219 provided conclusive proof of the 
arrangement ofthe C-2, C-5 substitution present in the molecule (Figure 18). 
III 
0(2) 
0(25) 
Figure 18 - X-ray structure of iron tricarbonyll-allyl-5-buta-l,3-dienyl-2-(4-nitro-
pbenyl)-pyrrolidine-3,3-dicarboxylic acid dimethyl ester 
Once again, the X-ray clearly highlights the planar chirality exhibited by the iron 
tricarbonyl species and that the diene adopts the E-configuration. This, as in the case using 
aldehydes as the electrophile, suggests the reaction proceeds through the more reactive 
transoid intennediate cation. The X-ray structure also provides evidence of the resulting 
iminium species attacking the 1]5 -pentadienyl system anti to the iron species, again giving 
evidence of the reaction taking place on the s-trans confonnation too. This highlights, as in 
the reaction with aldehydes too, the powerful stereocontrol which the iron tricarbonyl group 
has on the reaction pathway. 
To inspect whether or not the diastereomeric ratio obtained in each case is 
thennodynamically or kinetically controlled, l-allyl-5-buta-1 ,3-dienyl-2-( 4-nitro-phenyl)-
pyrrolidine-3,3-dicarboxylic acid dimethyl ester 219 was placed back under the reaction 
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conditions; ZnBr2 in DCM at room temperature, and also at reflux. No change in d.r. was 
observed, establishing the carbon-oxygen bond is not labile and the reaction is irreversible 
leading to the kinetic product. Studies to identify whether or not the carbon-carbon bond is 
labile were also carried out. Under identical reaction conditions as above, ethyl glyoxylate 
was added to complex 219 to see whether a mixture of the products of the two electrophiles 
was isolated. The complexed starting material was the result highlighting the fact that when 
the carbon-carbon bond is created, it cannot be broken under the reaction conditions. These 
findings are analogous to those found using aldehydes as electrophiles. 
3.2 An iron complexed, mono-ester cyclopropyl diene and its subsequent trapping 
Extension of this study on the iron-complexed diene cyclopropane systems was also carried 
out, via the use of the mono-ester derivative, iron tricarbonyl 2-buta-I,3-dienyl-
cyclopropanecarboxylic acid ethyl ester 225 (Figure 19). This was in order to extend the 
scope of the reaction and identify whether or not both ester groups were needed to facilitate 
the ring opening of the cyclopropane ring to form the stabilised 1,3-dipole. 
~C02Et 
Fe(CO), 
225 
Figure 19 
3.2.1 Preparation of iron complexed, mono-ester cyclopropyl diene 
Taylor first reported in situ alcohol oxidation Wittig reactions using manganese dioxide 
as a useful synthetic procedure. 138 Adapting this chemistry, by including a sulfur ylid 226 139 
mediated cyclopropanation step, meant that all three steps could be carried out in one pot to 
form the desired diene, 2-buta-I,3-dienyl-cyclopropanecarboxylic acid ethyl ester 227 
(Scheme 110). 
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~C02Et 
227 17% (3:1 -EIZ) 
Although low yielding, three steps were carried out in 17% to successfully furnish 227. The 
relative stereochemistry is not clear from the complicated NMR data. However it is thought 
the stereoisomers obtained arise from the double bond geometry giving a 3: I ratio of EIZ 
isomers. The final step was the complexation of the diene, which again was routinely 
carried out to afford iron tricarbonyl 2-buta-I,3-dienyl-cyclopropanecarboxylic acid ethyl 
ester 225, which was tentatively assigned by I H, I3C, COSY and HETCOR NMR in 45% 
yield in a 1.5:1 ratio of EIZ isomers (Scheme 111). 
~C02Et 
3.2.2 Cyclisation with aldehydes 
Fe2(CO) • 
• THF 
Reflux 
Scheme 111 
~C02Et 
Fe(CO), 
(45% -1.5:1 -EIZ) 
225 
Analogous reactions were carried out as seen previously with the diester analogue 187. In 
each case ethyl glyoxylate was employed as the aldehyde (Scheme 112). 
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Scheme 112 
The use of BF3.OEh in DCM at varying temperatures proved inadequate and no reaction 
took place, with only small quantities of starting material being recovered due to 
decomposition. Stronger Lewis acids were also used. TiCI4 in DCM at -7SoC, O°C and rt 
resulted in the reaction turning from an orangey-yellow colour to black immediately upon 
addition. This serves as a useful gauge in identifYing the destruction of the complex taking 
place. Further confirmation of this was provided by TLC and 'H NMR analysis. The use of 
ZnBr2 in conditions previously successful with the diester functionality also failed to result 
in any desired product (Table 17). 
Lewis acid ( eg.) 
BF3.OEt2 (4) 
BF3.OEt2 (4) 
BF3.OEt2 (4) 
TiCI4 (4) 
TiCI4 (3) 
ZnBr2 (3) 
ZnBr2 (3) 
Solvent 
DCM 
DCM 
DCM 
DCM 
DCM 
DCM 
DCM 
Temp 
Reflux 
rt 
-7SoC - O°C 
Reflux 
Reflux 
rt 
Reflux 
Table 17 
Yield 
S.M (S % recov.) 
S.M (10% recov.) 
S.M (17 % recov.) 
Decomposition 
Decomposition 
S.M (15 % recov.) 
S.M (14 % recov.) 
Therefore, although the investigation has not been totally extensive on this system, results 
suggest that to open the cyclopropane ring, it is necessary for both the ester groups to be 
present. 
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4.0 Results and Discussion (part 2) 
4.1 Novel trapping of a non-organometallic stabilised ring-opened cyclopropane 
4.1.1 Background 
An extensive search in the literature revealed some related non-organometallic work which 
had recently been published using cation-stabilising substituents, such as electron-donating 
groups in place of the organometallic fragment, aiding in the formation of the 1,3-dipole.14o 
In light of this and after providing evidence for the formation of the iron tricarbonyl 115_ 
pentadienyl species, a couple of test reactions were carried out to identifY the affect, ifany, 
the iron species and the Lewis acid has on the reaction. 
A number of experiments were performed with 2-buta-1 ,3-dienyl-cyclopropane-l, 1-
dicarboxylic acid dimethyl ester 194 to identify whether or not the use of the Iron 
significantly affected the yields and stereochemistry of the reaction (Scheme 113). 
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To our delight, the uncomplexed starting material 194, in the presence of ethyl glyoxylate 
and ZnBr2 gave the desired tetrahydrofuran 228, via a [3+2] cycloaddition reaction in 62% 
yield, in 1: 1 (cis:lrans) ratio (Scheme 114). 
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rt 
C02Me 
~C02Me 
o C02E! 
C02Me 0 ~ J.-C02Me + } 
/j ~ E!02C 
ZnBr2 
.. 
DCM 
194 62% 229 
Scheme 114 
4.1.2 Cyclisation with aldehydes 
On the basis of this result, a series of aldehydes were reacted under the same conditions as 
before (Table 18). 
Isolated 
d.r. 
Aldehyde Product Yield 
(%) (cis:trans) 
C02Me 
ethyl glyoxylate 
~C02Me 
65 1:1 
o C02E! 229 
C02Me 
If ~ C02Me 
p-nitrobenzaldehyde 0 41 4: I 
N02230 
C02Me 
acetaldehyde 
~02Me 
38 2.5:1 
o 231 
C02Me 
If ~ C02Me 
p-anisaldehyde 0 40 1.5: I 
oMe
232 
117 
3,4,5-
trimethoxybenzaldehyde 
C02Me 
C02Me 
o 
OM. 
OMe 233 
Table 18 
45 3: I 
The findings gave some contrasting results when compared to the use of the complexed 
starting material 187. The yields again were moderate. Extensive investigations were 
carried out on the reaction conditions to try and increase the yields, but to no avail. The 
reaction rate was also significantly lower to that of the complexed diene cyclopropane, with 
reaction times at 8.0 h compared to that of 2.0 h when using the complexed starting 
material under standard conditions. 
Confirmation of the formation of these uncomplexed tetrahydrofurans was also aided by 
carrying out the decomplexation of a small number of the previously synthesised iron 
tricarbonyl complexed products (Scheme 115). 
C02Me ~ r+co2Me 
If Je(~o,J-R CAN (3 e9.) .. MeOH/Acetone 
rt 
Scheme 115 
C02Me ~C02Me 
o R 
229 R = CO,Et (39%) 
230 R = C,H,NO, (60 %) 
231 R = CH, (79 %) 
With the complex in hand and dissolved in acetone, decomplexation was performed via the 
slow addition of 3 equivalents of CAN in methanol to yield the desired products in 
moderate to good yields. The data obtained by IH and l3C NMR spectroscopy was identical 
to that of the products furnished via the [3+2] cycloaddition carried out on the naked 
cyclopropyl diene. 
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It was first thought that the planar chirality exhibited by the iron would have a significant 
influence in the stereochemical control of the reaction. This was not the case with 
aldehydes as the electrophile. It has been shown in certain cases i.e. with isobutyraldehyde 
that the steric properties of the electrophile influence the stereochemical outcome of the 
reaction. However, it is proposed the electronic properties of the aldehyde had the over-
riding effect on the stereochemical outcome of the reaction. Interestingly, in the absence of 
iron, diastereoisomeric ratios did alter. It appeared that using electron-rich aldehydes 
lowered the d.r. compared to when using the iron complex. On the other hand, electron-
deficient aldehydes increased the d.r. For instance, when using acetaldehyde and p-
nitrobenzaldehyde, the uncomplexed reaction gave ratios of 2.5: I and 4: I (cis:trans) 
respectively, compared to I: I for the iron-mediated reaction. For p-anisaldehyde the 
uncomplexed d.r. was lowered from 4: I to 1.5: I (cis:trans). This potentially gives further 
evidence of the mechanism for the iron pentadienyl system, with the less electrophilic 
aldehydes providing better diastereoselective ratios due to their initial coordination to the 
highly electrophilic pentadienyl complex. 
Mechanistically it is proposed that again the reaction proceeds stepwise, with attack of the 
enolate onto the aldehyde occurring first, followed by ring closure by the alkoxide onto the 
diene system (Scheme 116). 
Me02C 
~C02Me + 
197 
· 
· 
· •
• 
R 
e 0) 
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C02Me ~C02Me 
o R 
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However a recent report by lohnson 141 proposed a stereochemical model for the favourable 
formation of the eis-isomer, which can be applied to the uncomplexed [3+2] cycloaddition 
(Scheme 117). 
E ffJl r:. ifJ ~R' 
E. H H 
234 
Scheme 117 - Model for the observed cis stereoseiectivity. 
The scheme depicts the final bond formation after aldol type addition has taken place. 
Placing the large donor group pseudoequatorial 234 should be more favourable owing to 
interactions in the pseudoaxial arrangement 235. 
The next stage in the investigation was to carry out the reaction on the uncomplexed 
starting material, with an electrophile, in the absence of a Lewis acid (Scheme 118). 
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C02Me ~ J-C02Me + ) 
1/ ~ Et02C 
x .. 
DCM 
rt 
194 
Scheme 118 
C02Me ~C02Me 
o C02Et 
229 
No reaction was observed, with only starting material being recovered. Interestingly, it was 
thought that maybe harsher conditions could potentially cleave the carbon-carbon bond to 
reveal the I ,3-dipole, which could subsequently undergo the cycloaddition reaction. Using 
ethyl glyoxylate, the reaction was carried out in xylene at reflux and also with microwave 
irradiation but no reaction was observed in each case, thus proving the need for a Lewis 
acid. 
4.1.3 Cyclisation with imines 
The use ofimines with the uncomplexed diene was then investigated (Scheme 113). Unlike 
the use of aldehydes as the electrophile, imines gave identical results with or without the 
iron tricarbonyl species present (Table 19). Yields were in general slightly better maybe 
due to the products' greater stability, thus meaning their increased ease of handling. The 
reaction was also totally diastereoselective with no observed change in selectivity to that 
when using the complexed starting material. 
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Isolated 
d.r. 
Imine Product Yield 
% 
(cis:trans) 
Ph CO2 Me ) if ~ C02Me N ( N 40 1:0 ( 213 236 
CsH,N02 C02Me ) if ~ CO2 Me N ( N 41 1 :0 ( N02 43 237 
CsH,CI C02Me ) if ~ C02Me N ( N 42 1 :0 ( Cl 215 238 
CsH,OMe C02Me ) if ~ C02Me N ( N 41 1 :0 ( OMe 239 240 
Table 19 
The stereochemistry was confirmed by nOe analysis. A positive interaction was observed 
between the protons at the C-2 and C-5 position on l-allyl-5-buta-1 ,3-dienyl-2-( 4-nitro-
phenyl)-pyrrolidine-3,3-dicarboxylic acid dimethyl ester 237, verifying the exclusive 
formation of eis-isomer in each case. 
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Unfortunately after our initial work into this area, a recent publication by Kerr142 has 
demonstrated similar work with the diastereoselective synthesis of pyrrolidines using a 
three-component reaction of aldehydes, amines and 1, l-cyclopropanediesters. The imine is 
made in situ and reacted with various cyclopropane derivatives containing cation-stabilising 
substituents including many different aromatic variants to form the desired pyrrolidine with 
mostly exclusive eis-stereoselectivity. Kerr proposed a model for the pyrrolidine formation 
which can be applied to the diene substrate employed in this study (Scheme 119). 
+ 
2,5-cis pyrrolidine 
R3 
i><C02Me 
. 
C02Me 
1 ~ retro-Mannich 
R3 ~-::(~H R2 
E ) (R' 242 
2,5-trans-pyrrolidine 
Scheme 119 - Proposed model for pyrrolidine formation. 
The fluxional EIZ geometry ofimines allows formation of both 241 and 242, with the latter 
being higher in energy as a consequence of destabilising pseudodiaxial interactions. Both 
intermediates would form their respective products via a Mannich ring closure. The 
disposition of the geminal diester allows for a retro-Mannich process and as a result the less 
stable trans-isomer would have a reasonable pathway to the more stable eis-isomer. 
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4.1.3.1 Cyclisation with chiral imines 
The reaction of 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 194 
with imines has been explored and shown to be diastereoselective with the exclusive 
formation of the eis-isomer. From this, it was speculated that maybe an enantioselective 
variant of the reaction may be possible. A number of chiral imines were synthesised 243, 
245, 247 using the standard imine preparation. These were then placed into the standard 
cycloaddition reaction conditions (Scheme 120). 
194 
ZnBr2 
DCM 
rt 
Scheme 120 
• 
Interestingly, it was shown that the reaction was diastereoselective (eis-across the 2,5 ring 
junction) but not enantioselective. However it did provide a I: I ratio of diastereisomers in 
each case, where the C-2 and C-5 protons were either both up or both down against the 
methyl group adjacent to the nitrogen (Figure 20). 
CO2 Me ~ "" H-cR~'Me 
If '~7\~ 
o H 
R/'""'-..... 
C02Me ~"~" CO,Me 
"'R1 H N 
o H 
R/'""'-..... 
Figure 20 - The two diastereoisomers synthesised 
The yields were moderate to good for all three imines investigated (Table 20) 
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Yield Enantiomeric 
Imine Product 
% ratio 
C02Me 
.•• ,N~C6H4N02 ~C02Me 
N PhN02 47 50:50 
243 U 244 
C02Me 
.•• ,N~C6H4N02 ~C02Me 
N PhN02 
46 50:50 
aY' 245 ~ h 246 
C6H4N02 
C02Me 
) ~C02Me 
N N PhN02 45 50:50 
/" 247 /" 248 
Table 20 
Unfortunately separation of the diastereoisomers by column chromatography to furnish the 
single diastereoisomer of the pyrrolidine was not possible. Proof that the chiral centre of the 
imine species does not control the enantioseiectivity of the reaction has also been 
demonstrated. 
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4.2 Extension of the methodology 
4.2.1 The use of vinyl cyclopropane 
Early reports in the literature by Tsuji and Yamamato l43 suggested that usmg vinyl 
cyclopropanes 249, a palladium species i.e. Pd2(dba)3 is able to insert to form a 1,3-dipole 
with the negative charge stabilised by the diester moiety and a 113 1t-allyl system 250. This 
can then be subsequently trapped by electrophiles including methyl acrylate to form five 
membered rings 251 (Scheme 121). 
CO,Me 4 co,Me 
249 
Pd,(dba), 
• dppe [ ~co'Mel 1; El CO,Me 
250 J 
'Co,Me 
CO,Me 
~'~' 
CO,Me 84% 
251 
Scheme 121 
Tangl44 extended this work by using aldehydes and imines as the electrophile to form a 
range of tetrahydrofurans and pyrrolidines respectively, in good to excellent yield and 
selectivity. With the previous use of a diene as the stabilising moiety, it was possible to 
briefly extend the scope of the reaction further by carrying out analogous reactions with the 
vinyl group, in the presence of a Lewis acid but no palladium species. 
Deprotonation of dimethyl malonate by sodium methoxide and subsequent addition of 
trans-I,4-dibromobut-2-ene gave the vinyl cyclopropane, 2-vinylcyclopropane-l, \-
dicarboxylic acid dimethyl ester 252 as a colourless oil in 90% yield 125 (Scheme 122). 
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Br 
~Br 
Scheme 122 
• 
Me0(62C C02Me 
Na 
252 
A small number of aldehydes and one imine were used in the reaction using the conditions 
already previously established (Scheme 123). 
CO2 Me 
4C02Me 
252 
O/NR' ZnBr2 
+ ) DCM 
R rt 
Scheme 123 
C02Me 
. LdC02Me 
o R 
INR' 
253 
Interestingly, as in the case of dienyl cyclopropane 194, the vinyl group provides a suitable 
stabilising substituent to facilitate the formation of the 1,3-dipole and hence allows the 
cycloaddition to proceed forming the desired tetrahydrofuran and pyrrolidine systems 
(Table 21). 
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Yield d.r 
Electrophile Product 
C%) (cis:trans) 
c02Me 
0C02Me 
ethyl glyoxylate 
o CO2 Et 254 65 I : I 
C02Me 
acetaldehyde 
~02Me 
71 4:1 
o 255 
c02Me 
c02Me 
0 42 4: I 
p-anisaldehyde OMe256 
Ph 
c02Me 
) ~ C02Me 
N N ( ~ 51 1:0 213 257 
Table 21 
The yields were moderate to good in general (42-71%) and the selectivity ranged from 1:1 
using ethyl glyoxylate to 4: I using both acetaldehyde and p-anisaldehyde, favouring the 
eis-isomer in each case. The use of imine 213 resulted in the eis-isomer exclusively which 
is consistent with our previous findings. The results obtained therefore suggest there is no 
need for the palladium species and the reaction can be carried out metal free. In direct 
comparison to Tang's results, product 256 was achieved with greater selectivity, 4: I 
compared to the 3:2 (cis/trans) reported. Also Tang did employ the use of imines but the 
reaction failed to result in obtaining the eis-isomer exclusively, with a mixture of 
diastereoisomers furnished each time. In general, reaction times, as well, were less when 
carrying out the reaction in the absence of palladium. 
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4.2.2 The use of a phenyl substituted cyclopropane 
Further work was briefly carried out on this subject using a phenyl group as the stabilising 
substituent. However, soon after, a publication by 10hnsonl41 reported the same work in 
this area therefore limiting the novelty of the study. However, employing the use of a 
phenyl group in one case did reveal an intriguing result and demonstrated the versatility of 
the reaction with seemingly a number of different cation-stabilising substituents, tolerant to 
the [3+2] cycIoaddition reaction. 
The required starting material was formed in two steps. Initially 2-diazo-malonic acid 
dimethyl ester 258(b)145, (26%) was synthesised by the reaction of dimethyl malonate, tosyl 
azide 258(a)146 and triethylamine in acetone. With compound 258(b) in hand, a diazo 
transfer cycIopropanation was then carried out using commercially available styrene and 
catalytic rhodium acetate in refluxing acetonitrile to form 2-phenyl-cycIopropane-l, 1-
dicarboxylic acid dimethyl ester 259 in 36% yield (Scheme 124). 
Ts-N3 (258(a)) 
.. 
NEt3 
Acetone 
Rh2(OAc) • .. 
MeCN 
'" 
Scheme 124 
258(b) 
C02Me 
Q--<rC02Me 
259 
The cycloaddition was carried out with ethyl glyoxylate as the electrophile. Interestingly, 
the use of SnCI4 in DCM provided the trans-isomer 260 exclusively, compared to that 
demonstrated by lohnson et al where the use of a number of Lewis acids afforded the cis-
isomer in each case (Scheme 125). 
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C02Me n .J--C02Me + ) 
~- Et02C 
C02Me 
_-:Sn-:C.,..:14--.., .... o~ ,,~~ r--+C02Me 
DCM ~_A 
rt - 0 ~ C02Et 
H 
259 260 
Scheme 125 
Conversely, employing ZnBr2 gave rise to a mixture of cis- to trans-isomers in a I: I ratio. 
The reason behind this is unknown and further work ceased due to the similarity of the 
work already published. 
4.3 Studies towards a tricyclic ring system via a Diels-Alder reaction 
Natural progression dictated the next stage of research. This was to employ the 
methodology developed and direct it towards making progress into a 'natural product type' 
template. It was envisaged with the use of the imine precursors containing an olefin handle 
that this could afford a pyrrolidine precursor capable of undergoing an intramolecular 
Diels-Alder reaction (Scheme 126). This would result in a tricyclic ring system with 
functionality present for further manipulation, thus utilising the novel methodology and 
increasing its synthetic potential. 
R 
• 
C02Me 
Diels-Alder 
Scheme 126 
Using either the uncomplexed or complexed starting materials, there is no difference in the 
stereochemistry of the pyrrolidine precursor, therefore it is possible to eliminate an extra 
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two steps required to complex and decomplex the metal fragment from the diene ligand by 
using the uncomplexed cyclopropanes as the desired building block. 
Hence two pyrrolidine precursors 237 and 240 with the diene and dienophile present were 
synthesised using the standard [3+2] cycloaddition conditions. These were subjected to the 
Diels-Alder study but unfortunately, were disappointing with a number of attempts made 
on both substrates to carry out the intramolecular Diels-Alder reaction (Table 22). 
Solvent 
Toluene 
Xylene 
Xylene 
Toluene 
Temp 
120°C 
140°C 
140°C 
Microwave 
R = C.H,N02 (237) 
= C.H,OMe (240) 
Time (h) Yield 
24 S.M (100 %) 
24 S.M (100 %) 
90 S.M (100 %) 
10 min S.M(lOO%) 
Table 22 
Exposure of the substrates to relatively forcing conditions showed no sign of the tricyclic 
ring system by I H NMR analysis. However the stability of the pyrrolidine rings was found 
to be excellent as quantitative recovery of the starting material was possible in each case. 
The results obtained were unsurprising, as the substrates electronically disfavour the Diels-
Alder reaction. Therefore, it was necessary to use alternative precursors to introduce the 
required functionality on the dienc and/or dienophile in order to facilitate the Diels-Alder 
process. 
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4.3.1 Formation of a Diels-Alder, pyrrolidine precursor 
It was predicted that incorporation of a phenyl substituent on the diene, deemed to be the 
easiest strategy, would assist the Diels-Alder process by raising the energy ofthe HOMO of 
the diene. Hence formation of 2-(4-phenyl-buta-1 ,3-dienyl)-cyclopropane-l, I-dicarboxylic 
acid dimethyl ester 262 was carried out via the appropriate Wittig precursor (Scheme 127). 
e 
Br 
~® Ph PPh3 
DBU, THF 
Reflux 
Scheme 127 
C02Me Ph~c02Me 
262 68% (4:1-EIZ) 
In similar fashion to the synthesis of 2-buta-1 ,3-dienyl-cyclopropane-l, l-dicarboxylic acid 
dimethyl ester 194 (Scheme 94), deprotonation of dimethyl bromomalonate 190 using 
potassium carbonate and subsequent addition of acrolein 191, gave 2-formyl-cyclopropane-
I,I-dicarboxylic acid dimethyl ester 192 as a light brown oil in >95% yield without the 
need for further purification. The commercially available Wittig salt, cinammyl 
triphenylphosphonium bromide 261 was then reacted with the aldehyde in the presence of 
DBU, whilst retluxing in THF to furnish 2-(4-phenyl-buta-I,3-dienyl)-cyclopropane-I,I-
dicarboxylic acid dimethyl ester 262 as an inseparable mixture of two stereoisomers in 68% 
after purification. The inseparable product mixture gave a 4: I ratio of E- to Z-geometry of 
the double bond. 
With the desired starting material in hand, a number of cycloadditions were carried out with 
the appropriate imine precursors (Scheme 128). 
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C02Me ~ j...:C02Me 
Ph--f/ ~ + 
262 
R' ) 
N ( ZnBr2 DCM rt 
Scheme 128 
CO2 Me 
CO2 Me 
Ph 
N R' ( 263 
• + 
The results obtained were variable, and the cycloaddition using this specific cyclopropane 
substrate was shown to have a major limitation. A competing reaction takes place, thus 
reducing the yields of the desired pyrrolidine significantly. Full characterisation of the 
undesired product revealed the formation of 2-phenyl-cyclohepta-3,5-diene-l, 1-
dicarboxylic acid dimethyl ester (264) via an intramolecular cyclisation. 
It was found that only one imine, 43 underwent the cycloaddition to afford the 
corresponding pyrrolidine precursor 263, albeit in a poor 32% yield (Table 23). 
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Yield 
Imine 
263 264 
C6H4N02 ) 
N ( 32% (263) 54% 
43 
Ph ) 
N ( 0% Quant. 
213 
C6H4CI ) 
N ( 0% Quant. 
215 
CSH4Br ) 
N ( 0% Quant. 
217 
C6H4OMe ) 
N ( 0% Quant. 
239 
Table 23 
The stereochemistry of the pyrrolidine was consistent with previous findings and gave 
solely the eis-isomer. However, a mixture of stereoisomers was observed arising from the 
double bond geometry, with a ratio of 1: 1 (E/Z) by IH NMR analysis. The remainder of the 
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imines attempted, resulted only m the formation of the seven membered rmg; all m 
quantitative yield. 
4.3.2 Diels-Alder studies 
I-Allyl-2-( 4-nitro-phenyl)-5-( 4-phenyl-buta-1 ,3-dienyl)-pyrrolidine-3,3-dicarboxylic acid 
dimethyl ester 263 was subjected to a number of different conditions in attempt to carry out 
the Diels-Alder reaction. It was found that the use of the microwave in both toluene and 
xylene was not sufficient to force the reaction to proceed. Also refluxing in toluene for up 
to five days only resulted in the starting material being recovered. However, performing the 
reaction in refluxing xylene for five days furnished the tricyclic ring system 265 in 
moderate yield of 43% (Scheme 129). 
C02Me C6 H4N02 
fj ~ C02Me Ph Xylene 
• 
C02Me 
N C6H4N02 Ll Ph ( 
263 265 
Scheme 129 
Unfortunately the stereochemistry of 3-( 4-nitrophenyl)-7-phenyl-5,5a,6, 7,9a,9b-hexahydro-
lH-pyrrolo[2,I-aJisoindole-2,2-dicarboxylic acid dimethyl ester 265 could not be 
conclusively elucidated. 
Although isolated in only a moderate yield, the synthesis of the tricyclic core was 
successful. Further investigation was undertaken in order to expand the scope of the 
reaction, in particular to inhibit the formation of the seven membered ring. This was done 
initially by using ethyl glyoxylate as the electrophile due to the relatively high reactivity of 
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the aldehyde in an investigation to identify if rates of reactivity is the key issue in whether 
or not the seven memebered ring is formed (Table 24). 
Aldehyde L.A Solvent Yield % 263 264 
Ethyl glyoxylate ZnBr2 DCM 0% quant. 
Ethyl glyoxylate ZnBr2 MeOH 30% 0% 
Ethyl glyoxylate ZnBr2 Xylene 0% quant. 
Ethyl glyoxylate Yb(OTf)3 DCM 0% quant. 
Ethyl glyoxylate Yb(OTt)3 MeOH 62% (266) 0% 
p-nitrobenzaldehyde Yb(OTf)3 MeOH 0% 0% 
Acetaldehyde Yb(OTf)3 MeOH 0% 0% 
Table 24 
The use of ZnBr2 in DCM and xylene gave only the side product 264, but the use of MeOH 
as the solvent gave the corresponding tetrahydrofuran, with esterification occurring on the 
ethyl ester in a low overall yield of 30% and I: 1 diastereomeric ratio. Yb(OTf)3 was also 
used as the Lewis acid and using Me OH rather than DCM as the solvent resulted in the 
tetrahydrofuran, 5-(4-phenyl buta-I ,3 -dieny I)tetrahydrofuran-2,3,3 -tricarboxylic 
trimethyl ester 266 in a reasonable 62% yield (Scheme 130). 
C02Me ~C02Me + ) 
Et02C 
Yb(OTf), 
MeOH 
rt 
Scheme 130 
• 
C02Me ~C02Me 
o C02Me 
acid 
This positive result led to p-nitrobenzaldehyde and acetaldehyde being subjected to these 
reaction conditions. In both cases, neither, the tetrahydrofuran or 7 membered ring was 
isolated. A further product formed, which was the ring-opened cyclopropane, 2-(2-
methoxy-6-phenyl-hexa-3,5-dienyl)-malonic acid dimethyl ester 267, in 64% and 61 % 
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respectively as an inseparable mixture of stereoisomers (2.6: I-£/Z). This took place with 
the addition of Me OH at the internal position (Scheme 131). 
C02Me 
~ J--C02Me 
Ph--fl ~ + 
o } 
R 
262 
R = PhN02 (64%) 
= Me (61%) 
Yb(OTfh. 
MeOH 
rt 
Scheme 131 
C02Me Ph~C02Me 
OMe 
267 
Ph 
# + 
MeO 
Me02C C02Me 
Therefore, it appears that unless the electrophile is sufficiently reactive, competing side 
reactions occur with the intramolecular cyclisation to form the seven-membered ring or if 
MeOH is used as the solvent, the ring-opened product. This suggests that the use of the 
phenyl group as a substituent on the diene is not a very efficient precursor for the 
intramolecular Diels-Alder reaction because of the problems associated with the synthesis 
of the pyrrolidine starting material. 
In an extension to this, in order to obtain a fused bicyclic system using similar 
methodology, it was intended to react cinnamylaldehyde which contains u,~-unsaturation 
with the starting material, 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl 
ester 194, containing no substituents on the diene. Using ZnBr2 in DCM afforded the 
desired tetrahydrofuran 5-buta-1 ,3-dienyl-2-styryl-dihydro-furan-3,3-dicarboxylic acid 
dimethyl ester 268, exhibiting a phenyl group on the dienophile, as a colourless oil in 39% 
yield as a mixture of diastereoisomers, 2.7: I (cis:lrans) (Scheme 132). 
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C02Me 
C02Me 0 ~ CO2 Me ~C02Me Ph~ ZnBr2 fj .. + DCM 
rt 0 ~ 
194 268 Ph 
Scheme 132 
With this in hand, an intramolecular Diels-Alder reaction was attempted using a variety of 
conditions in order to furnish the bicyclic bridged structure 269. Unfortunately in this case, 
only the cis-diastereoisomer would be able to undergo reaction therefore would affect the 
potential yield of the reaction. The use of toluene and xylene, retluxing for 1-7 days and the 
use of the microwave failed to furnish the desired product. The starting material was 
recovered quantitatively in all cases (Scheme 133). 
C02Me .~1ld" ~ C02Me fj X Me02C .. 
0 ~ Diels Alder 
Ph 
268 269 
Scheme 133 
It is thought that the dienophile and diene maybe too far apart for the reaction to proceed, or 
there may not be the required functionality on the diene to facilitate the reaction. 
4.3.3 Investigations into the Seven-memhered ring formation 
The formation of the seven membered ring 2-phenyl-cyclohepta-3,S-diene-l, l-dicarboxylic 
acid dimethyl ester 264, although initially seen as a hindrance, did open up an extensive 
study on this intramolecular cyclised product. A mechanistic study was carried out to 
identifY whether the reaction was thermally or cationically induced (Table 25). 
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Solvent Temp Lewis Acid (eq.). Yield 
Xylene Microwave 0% 
Xylene Reflux 0% 
DCM rt ZnBrz (2) Quant. 
Table 25 
The use of refluxing xylene and microwave irradiation resulted in only starting material 
being recovered, whereas on addition of ZnBrz in DCM at room temperature, 2-phenyl-
cyclohepta-3,5-diene-l, I-dicarboxylic acid dimethyl ester 264 was obtained in quantitative 
yield. Therefore it is suggested the reaction proceeds cationically (Scheme 134). 
CO,Me Ph 0\"" 1'.1 ~CO,Me - ~!I JP Ph--.ll..JI "2U® e MeO,C 
CO,Me 
Scheme 134 
To investigate the use of 264 and whether the formation was thermodynamically or 
kinetically controlled, a number of experiments were carried out. The seven-membered ring 
was subjected to the reaction conditions, in the presence of an electrophile. Under these 
conditions ethyl glyoxylate was employed as the trapping agent. It was found that the 
carbon-carbon bond once formed, cannot ring open. Evidence for this is provided, as if the 
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ring did re-open, an equilibrium would be set up between the seven membered ring and the 
cyclopropane, thus eventually trapping the electrophile to form either the nine-membered 
oxacycle or more likely, the respective tetrahydrofuran derivative. 
The use of ZnBr2, AlCh and Yb(OTf)3 as the Lewis acid resulted in only recovered starting 
material, in varying temperatures and solvents. On the other hand BF3.OEt2 and TiCl4 led to 
significant decomposition of the product. It was deduced that the formation of the seven-
membered ring is therefore irreversible and is the kinetic product. 
4.4 Conclusion 
In conclusion, we report a novel 1,3 dipolar cycloaddition employing the use of an iron 
tricarbonyl complexed cyclopropane and a diverse range of aldehydes and imines, to afford 
a catalogue of polysubstituted tetrahydrofurans and pyrrolidines in moderate to good yields. 
To the best of our knowledge, it is the first example of an iron tricarbonyl115 -pentadienyl 
cation to be generated via cleavage of a carbon-carbon bond. It is also believed the planar 
chirality of the iron diene affords total diastereoselective control at the a-position to the 
diene in the tetrahydrofuran products. Diastereoselectivity is increased in favour of the eis-
isomer, when more electron rich and/or sterically bulky aldehydes are used but it appears 
the iron species does not control the stereochemistry of the chiral centre on the opposite 
side of the ring. On the otherhand, pyrrolidines are formed with total diastereoselective 
control, affording the eis-isomer, exclusively in each case due to, both, the planar chirality 
of the iron species and also destabilsing pseudo-axial interactions dis-favouring Irans-
pyrrolidine formation. 
Uncomplexed cyclopropyl dienes have also been shown to undergo [3+2] cycloaddition 
reactions with imines to afford the eis isomer only. However, the reaction with aldehydes 
leads to different d.r's compared to the use of the complexed cyclopropyl diene. 
Investigation into extending the methodology towards natural product type templates has 
been initiated. At this stage, competing side reactions indicate limitations in the synthesis of 
the tricyclic ring system but nevertheless it demonstrates the value of the [3+2] 
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cycloaddition, which has been developed, m fonning the required precursors to the 
polycyclic substrate. 
4.5 Future plans 
Continuing with the use of the iron complexed cyclopropyl diene and following the 
successful trapping of electrophiles such as aldehydes and imines to fonn tetrahydrofuran 
and pyrrolidine structures, the scope of the reaction could be broadened with a range of 
different trapping agents, including isocyanates and ketones to provide a range of different 
heterocycles. 
Preliminary experiments with isocyanates proved successful. Tosyl isocyanate was used as 
the electrophile and the desired five-membered ring, iron tricarbonyl 5-buta-I,3-dienyl-2-
(toluene-4-sulfonylimino )-tetrahydrofuran-3,3-dicarboxylic acid dimethyl ester 270 was 
fonned in 30 % yield (Scheme 135). 
C02Me ~C02Me 
Fe(CO), 
187 
TsN-C-O. 
ZnBr2 
DCM 
Scheme 135 
C02Me ~ ~C02Me 
1/ Je(C~O~NTS 
270 
A number of different isocyanates could therefore be utilised and subjected to the reaction 
conditions to fonn a range of polysubstituted tetrahydrofurans. 
It is also envisaged that ketones could possibly be utilised and provide a range of 
differently substituted tetrahydrofurans. Due to time constraints, an example of this nature 
has not been attempted but would clearly extend the scope of the reaction. 
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4.5.1 Competition reactions 
Several different cation-stabilising substituents have been found to initiate the 1,3-dipole. l44 
Preliminary investigations have been undertaken employing a I, I-cyclopropane diester 
with different substituents at the C-2 and C-3 position of the cyclopropane ring. This 
creates a competition reaction, with an opportunity for the cyclopropane being cleaved in 
two places. The possibility of regiocontrol is a factor which may afford the product as a 
mixture of regio-isomers, dependent on which carbon-carbon bond is broken (Scheme 
136). 
Me02C 
~,,, .. J::-C02Me + 
<-Ph 
o } 
R 
Lewis acid 
.. 
Ph C02Me ~C02Me 
o R 
+ 
271 
Ph 
Scheme 136 
The formation of a tetrahydrofuran ring with functionality at every carbon would be the 
result and is dependent on the ability of the substituents to stabilise a positive charge. 
The synthesis of 2-buta-1 ,3-dienyl-3-phenyl-cyclopropane-l, I-dicarboxylic acid dimethyl 
ester 271, was carried out in two steps (Scheme 137). Firstly deprotonation of dimethyl 
bromomalonate 190 using potassium carbonate and subsequent addition of five equivalents 
of cinnamylaldehyde gave 2-formyl-3-phenyl-cyclopropane-l, I-dicarboxylic acid dimethyl 
ester 272 as a yellow-brown oil in 45% yield after purification. 147 From the I H NMR data, 
it was possible to deduce the relative stereochemistry across the cyclopropane ring, as 
containing a eis-substitution pattern. The aldehyde was then reacted with the Wittig salt, 
allyl triphenylphosphonium bromide 193 in the presence of DBU, whilst retluxing in THF 
to furnish the substituted cyclopropane 2-buta-1 ,3-dienyl-3-phenyl-cyclopropane-l, 1-
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dicarboxylic acid dimethyl ester 271 in 40% yield after purification. The ratio of EIZ 
geometry of the double bond was 3: I respectively, determined by IH NMR analysis. 
o 
190 :/ • 
Me02C 
O~", .. J--C02Me 
DMF 
., 45% 
272 Ph 
THF ~® 193 DBU J Bf( 
Reflux PPh3 
Me02C 
~,,, .. J:-C02Me + 
'-:'Ph 
40% 
(3:1-E/Z) 
271 
Scheme 137 
Me02Cy C02Me 
~15% 
273 
Also isolated after the Wittig reaction was the cyclopropane ring 2-methyl-cyclopropane-
I,I-dicarboxylic acid dimethyl ester 273 in 15%. It is not certain how this compound was 
formed in the reaction. 
2-Buta-1 ,3-dienyl-3-phenyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 271 was 
then reacted with ethyl glyoxylate in the presence of ZnBr2 in DCM (Scheme 138). 
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Me02C 
~C02Me + J 
-'.~ Et02C 
274 Ph 
Ph C02Me ~C02Me 
° C02Et 
_
_ Z:::n.:,::B"'r2'--__ 
- a + 
DCM 
rt 
Scheme 138 
CO2 Me C02Et 
Ph 
277 
Unfortunately, although a tetrahydrofuran ring 274 was formed during the reaction, it was 
not possible to determine which regioisomer was formed by NMR analysis. Time 
constraints restricted any further investigation. 
4.5.2 Bis-sulfones 
As mentioned previously, the sulfone moiety could in principle replace the diester used in 
all previous 1,3-dipole cycloadditions. A library of new compounds could therefore, 
theoretically be created. This enhances the possibility of obtaining more stable, crystalline 
products, thus being easy to handle. 
The starting material, bis-sulfone cyclopropyl diene 277 is easily synthesized in three steps 
(Scheme 139). 
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Deprotonation of bis(phenylsulfonyl)methane 45 using sodium methoxide and subsequent 
addition of trans-I,4-dibromobut-2-ene gave 1-{[2-eth-l-enyl-l-
(phenylsulfonyl)cyclopropyl] sulfonyl}-benzene 275148 as a light brown oil in >95% yield 
without the need for further purification. The alkene was then oxidised to the aldehyde via 
ozonolysis, giving 2,2-bis-benzenesulfonyl-cyclopropanecarbaldehyde 276 in 96 % yield, 
after breaking down the ozonide with DMS and extracting the residual dimethylsulfoxide 
on washing with water. The aldehyde was then reacted with the Wittig salt 193 in the 
presence of DBU, whilst refluxing in THF to furnish 2,2-bis-benzenesulfonyl 1-[(1 E) buta-
1,3-dienyl]cycIopropane 277 in yields ranging between 30 and 60% after purification. The 
ratio of ElZ geometry of the double bond was I: 1 respectively, determined by 1 H NMR 
analysis. 
Unfortunately due to time constraints, no cycIoadditions have been carried out on this 
system. Therefore future work would involve a re-optimisation study to determine if the 
conditions optimal for the diester analogues are applicable to the bis-sulfone. The substrate 
277, could then be placed under these conditions in the presence of a range of aldehydes or 
imines to furnish substituted tetrahydrofuran and pyrrolidine systems 278 respectively, 
containing the bis-sulfone moiety (Scheme 140). 
145 
S02Ph 
~S02Ph 
277 
+ 
x } 
R 
.. 
DCM 
Scheme 140 
146 
S02Ph 
~S02Ph 
X R 
X=O, NR' 
278 
5.0 Experimental 
General information 
All reactions herein were carried out in one of the following solvents which were dried and 
purified, or purchased in the following procedures. 
Acetone 
Acetonitrile 
Benzene 
Chloroform 
Dichloromethane 
Diethyl ether 
Stirred over anhydrous potassium carbonate, followed by distillation 
from anhydrous calcium sulfate. 
Purchased from Aldrich (99.8%), SurelSeal™ anhydrous quality. 
Purchased from Aldrich (99+%) and used without further 
purification. 
Purchased from Fisher Scientific (99+%), used without purification 
for general use or distilled from CaH2 for anhydrous reactions. 
For general use CH2Ch was distilled from CaH2 for anhydrous 
reactions. 
Purchased from Fisher Scientific (99+%), used without purification 
for general use or distilled from sodium and benzophenone for 
anhydrous reactions. 
Diglyme Distilled from sodium and benzophenone. 
1,2-Dimethoxyethane Purchased from Lancaster (99+%), degassed by purging under a flow 
of nitrogen before use. 
Dimethylformamide Purchased from Aldrich, Sure/SeaITM anhydrous quality. 
Dimethylsulfide Purchased from Aldrich (99+%) and used without further 
purification. 
Ethyl acetate Distilled from CaCh for general use. 
n-Hexane Purchased from Fisher Scientific (99+%), used without purification 
for general use. 
Light petroleum Distilled from CaCh for general use, collecting the fraction distilling 
below 60°C. 
Tetrahydrofuran Distilled from sodium and benzophenone. 
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Fe2(CO)9 was purchased from Aldrich and used without any further purification. 
Glassware for anhydrous reactions was flame-dried under an atmosphere of nitrogen. 
All metal carbonyl complexes were stored under a nitrogen atmosphere and kept at -ISoC 
in a freezer. 
Analysis of the compounds created herein was made using a number of the following 
instruments and procedures indicated below. 
High resolution mass spectrometry was carried out on a Jeol SX 102 machine, used for 
both electron ionisation (El) and fast atom bombardment (F AB) ionisation techniques. For 
FAB spectrometry a matrix of 1,3-dinitrobenzylalcohol was used to dissolve the 
compounds under investigation, prior to ""ionisation. Nuclear magnetic resonance 
spectroscopy was acquired using either a Bruker AC 250 or Bruker DPX 400 instrument. 
The spectra were calibrated where possible to the signals of tetramethylsilane or the small 
quantity of CHCh present in CDCh, typically used as the standard solvent for these 
experiments. Where possible coupling constants (J) are shown, the multiplicity is reported 
as a singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m) or broad signal (br) etc. The 
size of the coupling constants are given in hertz (Hz). Elemental analysis was carried out 
using a Perkin Elmer CHN 2400 elemental analyser. Fourier Transform Infra Red 
spectroscopy was recorded using a Paragon 1000 Perkin Elmer FT-IR spectrometer in the 
range of 3500-600 cm-) following a standard background correction. Melting points of solid 
products were recorded using a Stuart Scientific SMP3 instrument. 
Flash silica column chromatography was used as a standard purification procedure using 
Fluka Kiesel gel 60, 0.04-0.063 mm particle size silica. Thin layer chromatography was 
used where possible as a standard procedure for monitoring the course and rate of a given 
reaction. TLC plates used were Merck aluminium backed sheets with Kiesel gel 60 F254 
silica coating. 
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2-0xiranylmethyl-malonic acid dimethyl ester (28)29 
m-CPBA (55 % disp., 3.010 g, 9.58 mmol) was added to a solution of dimethyl 
allylmalonate (1.492 g, 8.72 mmol) and NaHC03 (1.462 g, 17.44 mmol) in DCM (25 mL) 
at O°C in four portions over a period of 1.0 h. The reaction was left at room temperature for 
44.0 h and monitored by TLC. The oxidant activity was checked with starch iodide paper 
and the activity quenched with sodium sulfite. IM NaOH (25 mL) was added and stirring 
maintained. The reaction mixture was separated and the DCM layer was washed with 2M 
NaOH (15 mL), brine (15 mL), then dried over MgS04 and concentrated in vacuo. The 
resulting oil was purified by flash silica column chromatography eluting with light 
petroleum-diethyl ether (7:5 v/v) to yield the title compound as a colourless oil (0.441 g,36 
%); Vmax (neat film)/cm· 1 3000,2955 (sp3 C-H), 1738, 1732 (C=O); OH (250 MHz; CDCI3) 
3.72 (3H, s, C02C!:h), 3.70 (3H, s, C02Clli), 3.53 (lH, dd,) 6.0, 8.6 Hz, CHC02CH3), 
2.92-3.00 (lH, m, CH2CHOCH2), 2.73 (lH, dd,) 3.9,4.9 Hz, CHOCHH), 2.47 (lH, dd,) 
2.8, 4.9 Hz, CHOCHH), 2.25 (I H, ddd,) 4.4, 8.6, 14.3 Hz, CHHCHOCH2), 1.92 (I H, ddd, 
)6.0, \3.2, 14.3 Hz, CHHCHOCH2); 0, (100 MHz; CDCh) 169.7 (2C, s, C02CH3), 53.2, 
53.1 (C02CH3), 50.1 (hH(C02CH3)2), 48.9 (CH2CHOCH2), 47.6 (CH~HOCH2)' 32.1 
(hH2CHOCH2). 
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2-0xiranylmethyl-malonic acid diethyl ester (29»)0 
m-CPBA (55 % disp., 0.783 g, 2.75 mmol) was added to a solution of diethyl allylmalonate 
(0.500 g, 2.50 mmol) and NaHCO) (0.426 g, 5.00 mmol) in DCM (25 mL) at O°C in four 
portions over a period of 1.0 h. The reaction was left at room temperature for 44.0 hand 
monitored by TLC. The oxidant activity was checked with starch iodide paper and the 
activity quenched with sodium sulfite. I M NaOH was added and stirring maintained. The 
reaction mixture was separated and the DCM layer was washed with 2M NaOH (15 mL), 
brine (IS mL), then dried over MgS04 and concentrated in vacuo. The resulting oil was 
purified by flash silica column chromatography eluting with light petroleum-diethyl ether 
(7:5 v/v) to yield the title compound as a colourless oil (0.183 g, 33 %); V max (neat film)/cm· 
1 3053,2983, 2937 (sp' C-H), 1733 (C=O); OH (250 MHz; CDCl) 4.15-4.25 (4H, m, 
C02ClliCH1), 3.52 (IH, dd, J 6.1, 8.6 Hz, CH(C02CH2CH1)2), 2.98-3.05 (lH, m, 
CH2CHOCH2), 2.76 (IH, dd, J 4.1,4.9 Hz CH2CHOCHH), 2.51 (IH, dd, J 2.6,4.9 Hz, 
CH2CHOCHH), 2.26 (I H, ddd, J 4.5, 8.6, 14.4 Hz, CHHCHOCH2), 1.99 (I H, ddd, J 6.5, 
12.9, 14.4 Hz, CHHCHOCH2), 1.23-1.29 (6H, m, C02CH2C!bh); .sc (100 MHz; CDCl1) 
169.3, 169.2 ~02CH2CH1)' 62.1, 62.0 (C02CH2CH3), 50.0 ~H(C02CH3h), 49.4 
(CH2CHOCH2), 47.6 (CH2CHOCH2), 32.0 ~H2CHOCH2)' 14.4, 14.4 (C02CH&H3). 
Dimethyl dioxirane (33)31 
0-0 
X 
NaHC01 (4.6g, 54 mmol) was added to a 250 mL RBF and dissolved in acetone (13.08 g, 
225 mmol) and water (20 mL). Oxone (9.52 g, 15.00 mmol) was then added slowly at O°C. 
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The RBF was then connected to a 3-necked RBF with an ice trap under vacuum. At -78·C, 
the DMDO distilled over. The solution was then concentrated in vacuo to yield an 
approximately 0.07M solution. The title compound was made in situ and therefore full 
characterisation was not possible. 
2-0xo-3-oxa-bicyclo!3.1.01hexane-l-carboxylic acid methyl ester (34)33 
o 
Me02C~o 
In a flame dried RBF under an inert atmosphere, NaH (60 % disp. 0.247 g, 6.00 mmol) was 
stirred in THF (10 mL) at O·C. To this was added, slowly, dimethyl malonate (0.47 mL, 
3.00 mmol) and the resulting solution was left to stir for approximately 10 min. 
Epichlorohydrin (0.24 mL, 3.00 mmol) was added, cautiously, and the reaction left to stir at 
room tempearture. The reaction was, monitored by TLC until completion, at which point 
the reaction was quenched with distilled water (10 mL). The reaction was washed with 
DCM (3 x 10 mL). The combined organic fractions were washed with brine (20 mL), and 
then dried over MgS04 and concentrated in vacuo. The resulting oil was purified by flash 
silica column chromatography eluting with light petroleum-diethyl ether (7:5 v/v) to yield 
the title compound as a colourless oil (0.182 g, 35 %); Vmax (neat film)/cm- I 2923, 2849 (Sp3 
C-H), 1782, 1736 (C=O); OH (400 MHz; CDCb) 4.87-4.90 (lH, m, CH2CHCH20), 3.77 
(3H, s, C02Cl:b), 3.62-3.74 (2H, m, CH2CHClliO), 2.76 (IH, ddd, J 6.0, 8.0, 14 Hz, 
CHHCHCH20), 2.38 (I H, ddd, J 6.0, 10.0, 15.6 Hz, CHHCHCH20); 0, (lOO MHz; CDCb) 
171.0 (~.o2CH3), 167.9 (CH2CHCH20CO), 53.3 (CH2CHCH20), 46.5 (£H2CHCH20), 
46.0 (C02CH3), 37.6 (£CH2CHCH20), 29.7 (CH2CHCH20). 
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2-(2-0xo-ethyl)-malonic acid dimethyl ester (36i4 
A flame dried flask, under an inert atmosphere was charged with DCM (20 mL) and 
dimethyl allyl malonate (1.250 g, 7.27 mmol). O2 was passed through the solution at -78'C 
for 10 min. 0 3 was then passed through until the solution turned blue, at which point O2 
was passed through until the return of a colourless solution. DMS (5.30 mL, 72.67 mmol) 
was added and the solution allowed to warm to room temperature and further stirred for 1.0 
h. The solution was then washed with saturated copper (11) sulfate solution (3 x 25 mL), 
brine (2 x 20 mL), dried over MgS04 and concentrated in vacuo to yield the title compound 
without further purification as a colourless, viscous oil (1.035 g, 81 %); C7HIQOs, HRMS 
[EI]((M-H)l, required 173.0450, found 173.0447; Vmax (neat film)/cm'! 3004, 2957, 2847 
(Sp3 C-H), 1761, 1751, 1739, 1734 (C=O); OH (400 MHz; CDCh) 9.78 (I H, d, J 0.4 Hz,_ 
CHO), 3.92 (I H, t, J 7.0 CHCH2CHO), 3.77 (6H, s, C02Cl:b), 3.13 (2H, dd, J 0.4, 7.0 Hz, 
CHClliCHO); Oc (lOO MHz; CDCh) 198.0 (!;;.HO), 168.8 (2C, s, C02CH3), 53.0 (2C, s, 
C02CH3), 45.2 (!;;.HCH2CHO), 42.4 (CHCH2CHO); mlz 173 ((M-Ht, 9 %), 114 (77 %), 55 
(lOO %). 
2-(2-0xo-ethyl)-malonic acid diethyl ester (37) 
A flame dried flask, under an inert atmosphere was charged with DCM (20 mL), and 
diethyl allyl malonate (4.572 g, 22.8 mmol). O2 was passed through the solution at -78'C 
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for 10 min. 0 3 was then passed through until the solution turned blue, at which point O2 
was passed through until the return of a colourless solution. DMS (8.35 mL, 114.20 mmol) 
was added and the solution allowed to warm to room temperature and further stirred for I 
h. The solution was then washed with saturated copper sulphate solution (3 x 25 mL), brine 
(2 x 20 mL), dried over MgS04 and concentrated in vacuo to yield the title compound 
without further purification as a colourless, viscous oil (3.882 g, 80 %); C9HI40 S, HRMS 
[EI]«M-HY'), required 201.0763, found 201.0760; Vmax (neat film)/cm·1 2984,2941,2910 
(Sp3 C-H), 1732 (C=O); OH (400 MHz; CDCI3) 9.78 (I H, d, J 0.4 Hz, CHO), 4.18-4.26 (4H, 
m, C02ClliCH3), 3.88 (IH, t, J 7.0 Hz, CH(C02CH2CH3)2), 3.11 (2H, dd, J 0.4,7.0 Hz, 
CHClliCHO), 1.28 (6H, t, J 7.1 Hz, (C02CH2C!b)2); oe (100 MHz; CDCh) 198.2 (£HO), 
168.5 (£02CH2CH3), 61.9 (C02CH2CH3), 45.7 (CH(C02CH2CH3)2), 42.3 (CHCH2CHO), 
14.0 (C02CH&H3); m/z 201 «M-H)+' 14 %), 128 (100 %), 55 (90 %). 
5-Hydroxy-2-(4-nitro-phenyl)-tetrahydrofuran-3,3-dicarboxylic acid diethyl ester (38) 
COzE! 
E!OzC --If--"" 
OH 
o 
Under dry, inert conditions, a solution of 2-(2-oxo-ethyl)-malonic acid diethyl ester (0.150 
g, 0.70 mmol) in DMF (10 mL) was added dropwise to a stirred solution of 4-
nitrobenzaldehyde (0.115 g, 0.76 mmol), Et3N (0.142 g, 1.38 mmol) and DMF (10 mL) for 
30 min at 40-50 T. The mixture was stirred for 2.0 h at the same temperature. The solution 
was then cooled and the mixture was diluted with water (40 mL) and the product was 
extracted with ethyl acetate (3 x 20 mL). The organic fractions were combined, dried over 
MgS04 and concentrated in vacuo. The resulting residue was purified by flash silica 
column chromatography eluting with light petroleum-diethyl ether (I: I v/v) to yield the 
two inseparable title compound diastereoisomers as a brown oil (0.157 g, 40 %, I: I d.r.); 
Vmax (neat film)/cm·1 3450 (OH), 1732 (C=O), 1526, 1348 (NOz); Assigned from combined 
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spectrum (i) I" diastereoisomer OH (400 MHz; CDCll) 8.08-8.12 (2H, m, Ar!i), 7.54-7.56 
(2H, m, Ar!i), 5.73 (I H, s, CH(ArN02)), 5.54 (I H, bs, CH2CH(OH)), 3.68-3.79 (2H, m, 
C02ClliCHl), 3.37-3.44 (2H, m, C02ClliCHl), 2.69 (lH, d, J 14.5 Hz, CHHCH(OH)), 
2.57 (I H, dd, J 4.9, 14.5 Hz, CHHCH(OH)), 0.67-0.81 (6H, m, QC02CH2C.!:hh.oc (lOO 
MHz; CDCIl) 171.2, 168.6 (£02CH2CH3), 147.8, 145.2 (Arg, 127.8, 123.1 (2C, s, ArCH), 
97.9 (£H(OH)OCH), 83.7 (CH(OH)OCH), 65.1 (£(C02CH2CH3)2), 61.9, 61.8 
(C(CO:&.H2CH3h), 42.6 (£H2CH(OH)), 13.5, 13.3 (C02CH:&.H3); (ii) 2nd diastereoisomer 
OH (400 MHz; CDCb) 8.08-8.12 (2H, m, Ar!i), 7.68-7.71 (2H, m, Ar!i), 6.03 (lH, s, 
CH(ArN02)), 5.83 (I H, bs, CH2CH(OH)), 4.15-4.28 (4H, m, C02ClliCH3), 2.99-3.05 (I H, 
m, CHHCH(OH)), 2.41 (IH, dd, J 1.6, 13.9 Hz, CHHCH(OH)), 1.18-1.23 (6H, m, 
C02CH2C.!:h).oc (lOO MHz; CDCb) 169.9, 168.1 (£02CH2CH3), 147.7, 144.7 (Arg, 
128.0, 123.0 (2C, s, ArCH), 98.6 (£H(OH)OCH), 64.4 (£(C02CHiCH3h), 81.3.· 
(CH(OH)OCH), 62.8, 62.3 (C(C02CH2CH3)2), 42.0 (£H2CH(OH)), 13.5, 13.3 
C02CH:&.H3). 
Mass ion not found. 
2-(2,2-Bis-ethoxycarbonyl-ethyl)-5-hydroxy-tetrahydrofuran-3,3-dicarboxylic acid 
diethyl ester (39) 
C02Et 
. Et02C~ 
Et02C~O;-OH 
Et02C 0 
Under dry, inert conditions, a solution of 2-(2-oxo-ethyl)-malonic acid diethyl ester (0.200 
g, 0.93 mmol) in DMF (10 mL) was added dropwise to a stirred solution of 
isobutryaldehyde (0.073 g, 1.02 mmol), Et3N (0.188 g, 1.86 mmol) and DMF (10 mL) for 
30 min at 40-50 °C. The mixture was stirred for 2.0 h at the same temperature. The solution 
was then cooled and the mixture was diluted with water (40 mL) and the product was 
extracted with ethyl acetate (3 x 20 mL). The organic extracts were combined, dried over 
MgS04 and concentrated in vacuo. The resulting residue was purified by flash silica 
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column chromatography eluting with light petroleum-diethyl ether (l: I v/v) to yield the 
two inseparable title compound diastereoisomers as a colourless oil (0.082 g, 22 %, I: I 
d.r.); C1sH2SOIO, HRMS [FAB]«M+H)), required 405.1761, found 405.1753; V max (neat 
film)/cm· 1 3478 (OH), 2981, 2939, 2874 (Sp3 C-H), 1732 (C=O); Assigned from combined 
spectrum (i) 1st diastereoisorner IiH (400 MHz; CDCh) 5.30 (lH, d, 1 5.7 Hz, CH(OH)), 
4.74 (IH, dd, 1 3.0,10.9 Hz, CHOCH(OH)), 4.07-4.28 (8H, m, C02C.!:hCH3), 3.52 (lH, q, 
16.1 Hz, (C02CH2CH3)2CtD, 2.82 (lH, dd, 15.7, 14.0 Hz, CH(OH)CHHC), 2.26 (lH, dd, 
1 1.8, 14.0 Hz, CH(OH)CHHC), 2.17-2.23 (lH, rn, CHCHHC), 1.83-1.96 (lH, m, 
CHCHHC), 1.14-1.28 (l2H, m, C02CH2Clli); lie (100 MHz; CDCh) 169.8, 169.2, 168.9, 
168.6 «£02CH2CH3h), 97.3 (£H(OH)CH2), 78.4 (£HOCH(OH)), 62.9, 62.1, 61.9, 61.9 
(COZ£H2CH3h), 62.5 C(C02CH2CH3h), 49.4 «C02CH2CH3)2CH), 41.5 (CH(OH)CH2), 
30.7 (CHCH2CO), 14.0, 13.9 (C02CH2CH3); (ii) 2nd diastereoisomer IiH (400 MHz;'CDCh) 
5.49 (lH, dd, 1 1.6, 5.3 Hz, CH (OH)), 4.33 (lH, dd, 12.8,10.7 Hz, CHOCH(OH)), 4.07-
4.28 (8H, rn, C02C.!:hCH3), 3.61 (I H, q, 1 5.7 Hz, (C02CH2CH3)2CtD, 2.51 (lH, dd, 11.6, 
14.3 Hz, CH(OH)CHHC), 2.41 (I H, dd, 1 6.3, 14.3 Hz, CH(OH)CHHC), 2.32-2.38 (l H, 
m, CHCHHC), 1.83-1.96 (I H, m, (CHCHHC), 1.14-1.28 (I2H, m, C02CH2Clli); lie (100 
MHz; CDCI3) 171.3, 169.1, 168.9, 168.5 «£02CH2CH3)2), 97.7 (£H(OH)CH2), 80.2 
(£HOCH(OH)), 61.6, 61.6, 61.5, 61.5 (C02CH2CH3h), 61.3 (£(C02CH2CH3)2), 49.4 
«C02CH2CH3hCH), 42.2 (CH(OH)~H2)' 31.7 (CHCH2CO), 14.1, 14.0 (C02CH2CH3); mlz 
405 «M+Ht, I %),387 (87 %). 
tert-Butylimino-acetic acid ethyl ester (42)137 
C02Et ) 
N 
+ 
t-Butylamine (1.000 g, 13.61 mmol) was added to a dry RBF containing 4A mol sieves 
(10.00 g), and dissolved in diethyl ether (30 rnL). Ethyl glyoxylate (1.382 g, 13.61 mmol, 
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50% solution in toluene) was added and the reaction stirred at ambient temperature for 18.0 
h. The mixture was filtered through a plug of celite and concentrated in vacuo to yield the 
title compound as a colourless oil (1.632 g, 76 %); CgH\sN02, HRMS [EI](M"l, required 
157.1103, found 157.1100; Vrnax (neat film)/cm'\ 1750, 1720 (C=O), 1647 (C=N); 8H (400 
MHz; CDCh) 7.58 (I H, s, NCID, 4.28 (2H, q, J 6.9 Hz, C02CfuCHl), 1.28 (3H, t, J 6.9 
Hz, C02CH2C!:h), 1.21 (9H, s, (C!:hhCN); 8, (lOO MHz; CDCh) 163.9 ~02CH2CHl)' 
148.8 (NCH), 61.7 (C02CH2CHl), 59.3 ~NCH), 29.2, 29.1, 28.7 (~Hl)lC), 14.2 
(C02CH2CHl); mlz 157 (M+, I %),84 (15 %), 57 (lOO %). 
Allyl-(4-nitrobenzylidene)amine (43)137 
/-
N ( 
Allylamine (0.500 g, 8.75 mmol) was added to a dry RBF containing 4..\ mol sieves 
(10.000 g), and dissolved in diethyl ether (30 mL). p-Nitrobenzaldehyde (1.321 g, 8.75 
mmol) was added and the reaction stirred at ambient temperature for 18.0 h. The mixture 
was then filtered through a plug of celite and concentrated in vacuo to yield the title 
compound as an off-white solid (1.383 g, 83%); mp 64-6TC (lit., 65-6TC)\l7; CtoHtoN202, 
HRMS [EI](Ml, required 190.0742, found 190.0745; Vrnax (neat film)/cm'\ 2971, 2934, 
2871 (Spl C-H), 1647 (C=N), 1342, 1370, 1474 (N02); 8H (400 MHz; CDCh) 8.32 (IH, s, 
NCID, 8.21' (2H, d, J 8.9 Hz, ArID, 7.86 (2H, d, J 8.9 Hz, ArID, 5.96-6.04 (I H, m, 
CH2CHCH2), 5.16 (2H, ddq, J 1.7, 17.2 Hz, CfuCHCH2), 4.26 (2H, dq, J 1.5, 5.7 Hz, 
CH2CHCfu); 8, (lOO MHz; CDCh) 159.6 (NCH), 149.1, 141.6 (ArQ, 128.8, 123.9 (2C, s, 
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ArCH), 135.1 (CH2CHCH2), 116.8 ~H2CHCH2)' 63.7 (CH2CHCH2); mlz 190 (M+, 56 %), 
173 (100 %),149 (32 %), 68 (15 %). 
(2-Nitrobenzylidene)phenylamine (44)137 
Aniline (1.000 g, 10.70 mmol) was added to a dry RBF containing 4A mol sieves (15.000 
g), and dissolved in diethyl ether (30 mL). o-Nitrobenzaldehyde (1.620 g, 10.70 mmol) was 
added and the reaction mixture stirred at ambient temperature for 18.0 h. The mixture was 
then filtered through a plug of celite, concentrated in vacuo and the residue recrystallised 
from diethyl ether to yield the title compound as a yellow/orange crystalline solid (2.450 g, 
94 %), mp 65-66°C (lit., 67-69'C)IJ7; CIlHION20 2, HRMS [El](M+), required 226.0742, 
found 226.0742; Vmax (film)/cm·1 1522, 1341 (N02); OH (250 MHz; CDCh) 8.90 (IH, s, 
NCHC), 8.31 (lH, dd, J 1.4, 7.8 Hz, ArC!::!), 8.08 (lH, dd,J1.4, 7.8 Hz, ArC!::!), 7.73-7.77 
(lH, m, ArC!::!), 7.60-7.65 (IH, m, ArC!::!), 7.41-7.45 (2H, m, ArCH), 7.26-7.31 (3H, m, 
ArC!::!); oe (100 MHz; CDCh) 155.9 (NCH), 151.0, 149.3 (Arg, 133.6, 131.2 (ArCH), 
131.1 (Ar!], 129.6 (ArCH), 129.3 (2C, s, ArCH) 126.9, 124.6 (Ar~H), 121.2 (2C, s, 
ArCH); mlz226 (M+, 53%),209 (100 %),195 (7%),179(92 %),167(13 %),152 (50%). 
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2-(Toluene-4-sulfonylmethyl)-oxirane (46)37 
o 
TSO~ 
To a flame dried RBF under an inert atmosphere, was added glycidol (0.89 mL, 13.50 
mmol) and DCM (20 mL). To this, a catalytic amount of DMAP was added, along with 
Et3N (3.76 mL, 27.00 mmol) and tosyl chloride (2.834 g, 14.85 mmol). The reaction was 
left to stir and monitored by TLC until completion. Distilled water (10 mL) was added to 
the reaction and the aqueous layer was washed with DCM (3 x 20 mL). The organic 
extracts were washed with brine (20 mL), and then dried over MgS04 and concentrated in 
vacuo. The resulting oil was purified by flash silica column chromatography eluting with 
light petroleum-diethyl ether (7:5 v/v) to yield the title compound as a colourless oil (2.143 
g, 67 %); Vmax (neat film)/cm·l 3063,3003,2927 (Sp3 C-H), 1363, 1190, 1177 (S02), 1096, 
956,914 (C-O-C); OH (400 MHz; CDCI3) 7.79 (2H, d, J 8.3 Hz, ArID, 7.35 (2H, d, J 8.2 
Hz, ArID, 4.25 (IH, dd, J 3.2, 11.3 Hz, CHHCHOCH2), 3.92 (1 H, dd, J 6.0, 11.3 Hz, 
CHHCHOCH2), 3.11-3.14 (IH, m, CH2CHOCH2), 2.80 (lH, t, J 4.7 Hz, CH2CHOCHH), 
2.58 (lH, dd, J 2.4,4.7 Hz, CH2CHOCHID, 2.38 (3H, s, ArC!h); Oc (100 MHz; CDCh) 
145.4 (ArQ, 133.7 (ArQ, 130.5 (2C, s, ArCH), 128.6 (2C, s, ArCH), 71.6 (!;.H2CHOCH2), 
49.4 (CH2CHOCH2), 45.5 (CH2CHOCH2), 22.4 (ArCH)). 
5,5-Bis(phenylsulfonyl)-1-pentene (48)39 
Bis(phenylsulfonyl)methane (0.400 g, 1.35 mmol) in dry DMF (10 mL) was added, under 
an inert atmosphere at 50'C, to a well stirred suspension ofNaH (60 % disp., 0.704 g, 1.62 
mmol) in DMF (l0 mL). After 15 min, allyl bromide (0.188 g, 1.49 mmol) was added. The 
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reaction was stirred for 1.0 h, at which point, water (5 mL) was added and the product was 
extracted with ether (3 x 30 mL). The combined organic fractions were washed with water 
(15 mL) and brine (15 mL), dried over MgS04 and concentrated in vacuo. The resulting oil 
was purified by flash silica column chromatography eluting with light petroleum-diethyl 
ether (7: I v/v) to yield the title compound as a colourless oil (0.318 g, 70 %); V max (neat 
film)/cm·1 1305,1151 (S02); OH (400 MHz; CDCI3) 7.87-7.90 (4H, m, Ar.!::!), 7.63 (2H, tt, J 
1.2,6.8 Hz, Ar.!::!), 7.48-7.53 (4H, m, Ar.!::!), 5.68-5.73 (lH, m, CHCH2CHCH2), 4.93-5.01 
(2H, m, CHCH2CHC!:h), 4.41 (I H, t, J 6.0 Hz, CHCH2CHCH2), 1.80-2.87 (2H, m, 
CHC!:hCHCH2); oe (100 MHz; CDCb) 138.2 (2C, s, ArQ, 135.1 (2C, s, ArCH), 132.7 
(CHCH2CHCH2), 130.1, 129.5 (4C, s, ArCH), 119.5 (CHCH2CHCH2), 83.9 
([HCH2CHCH2), 30.2 (CHCH2CHCH2). 
2,2-Bis(phenylsulfonyl)cyclopropanemethanol (49)41 
To a flame dried RBF under an inert atmosphere; bis(phenylsulfonyl)methane (0.250 g, 
0.84 mmol) was added, to a suspension of NaH (60 % disp., 0.10 I g, 2.52 mmol) in THF 
(25 mL) and stirred for 15 min. Epichlorohydrin (0.06 mL, 0.84 mmol) was added carefully 
and the reaction was monitored by TLC until completion. After an hour, water (5 mL) was 
added and the product was extracted with DCM (3 x 30 mL). The combined organic 
fractions were washed with water (15 mL) and brine (15 mL), dried over MgS04, filtered 
and concentrated in vacuo. The resulting oil was purified by flash silica column 
chromatography eluting with light petroleum-diethyl ether (10: I v/v) to yield the title 
compound as a pale yellow oil (0.224 g, 76 %); C16H160SS2, HRMS [FAB)«M+Na)l, 
required 375.0337, found 375.0346; Vmax (neat film)/cm·1 3540 (OH), 3064, 2924 (Sp3 C-
H), 1311, 1160 (S02); OH (400 MHz; CDCb) 7.88-7.92 (2H, m, ArC!::!), 7.79-7.82 (2H, m, 
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ArCH), 7.58-7.64 (2H, m, ArCH), 7.45-7.49 (4H, m, ArCH), 3.99-4.11 (2H, m, 
CHC.!:hOH), 2.71-2.79 (IH, m, CHCH20H), 2.26 (IH, s, CHCH20H), 2.20 (IH, dd,J6.0, 
10.4 Hz, CCHHCH), 2.03 (I H, dd, J 6.0, 8.8 Hz, CCHHCH); cSe (100 MHz; CDCI3) 139.5, 
138.6 (ArQ, 134.6, 134.3 (ArCH), 129.4, 129.3, 129.0, 129.0 (2C, s, ArCH), 63.6 
(£CH2CHCH20H), 59.1 (CCH2CHCH20H), 34.0 (CCH2~HCH20H), 19.6 
(CCH2CHCH20H); m/z 375 ((M+Nat, I %). 
2-Methyl-5,5-his(phenylsulfony\)-2-pentene (52)41 
Ph02S 
To a flame dried RBF under an inert atmosphere was added bis(phenylsulfonyl)methane 
(0.400 g, 1.40 mmol) in THF (15 mL). To this, n-BuLi (2.5M in Hexane, 0.67 mL, 1.68 
mmol) was added at -78'C. After 30 min, prenyl bromide (0.17 mL, 1.58 mmol) in THF (2 
mL) was added. The reaction was allowed to warm to O'C over 30 min, then to room 
temperature. The reaction was monitored by TLC until completion. The reaction was 
quenched with water (10 mL) and then washed with DCM (3 x 20 mL), dried over MgS04 
and concentrated in vacuo. The resulting solid was purified by flash silica column 
chromatography eluting with light petroleum-diethyl ether (10: I v/v) to yield the title 
compound as a white crystalline solid (0.223 g, 43 %); mp 119-122°C (lit., 118oC)41; Vrnax 
(neat film)/cm·1 3064, 2967, 2929 (Sp3 C-H), 1330, 1156 (S02); cSH (400 MHz; CDCh) 
7.88-7.90 (4H, m, ArCH), 7.63 (2H, tt, J 1.2, 6.8 Hz, ArCH), 7.48-7.53 (4H, m, ArCH), 
4.94-4.98 (1 H, m, (CHCH2CH), 4.35 (1 H, t, J 6.2 Hz, CHCH2CH), 2.80 (2H, t, J 6.2 Hz, 
CHC.!:hCH), 1.53 (3H, s, CH2CHQC!::b)2), 1.40 (3H, s, CH2CHqClli)2); cSe (IOO MHz; 
CDC13) 138.3 (2C, ArQ, 136.0 (£(CH3)2), 134.5 (2C, ArCH), 129.6, 129.0 (4C, s, ArCH), 
118.2 (CHCH&HC), 84.2 (£HCH2CH), 25.6 (CH2CHC(£H3)2) 24.7 (CHCH2C), 17.7 
(CH2CHC(£H3)2). 
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2,2-Dimethyl-3!2,2-bis(phenylsulfonyl)ethylloxirane (53)41 
PhD2S 
m-CPBA (55 % disp., 0.324 g, 1.20 mmol) was added to a solution of 2-methy!-5,5-
bis(phenylsulfonyl)-2-pentene (0.220 g, 0.60 mmol) and NaHC03 (0.104 g, 1.20 mmol) in 
DCM (25 mL) at O·C in four portions over a period of 1.0 h. The reaction was left at room 
temperature for 2.0 h and monitored by TLC. The oxidant activity was checked with starch 
iodide paper and the activity quenched with sodium sulfite. IM NaOH (10 mL) was added 
and stirring maintained. The reaction mixture was separated and the DCM layer was 
washed with I M NaOH (15 mL), brine (15 mL), dried over MgS04 and concentrated in 
vacuo to yield the title compound as a white crystalline solid (0.221 g, 99 %); mp 104-
106°C (lit I07°C)41; Vmax (neat film)/cm- I 2962 (Sp3 C-H), 1330, 1156 (SOl), 871, 800 (C-
O-C); lif{ (250 MHz; CDCh) 7.87-8.02 (2H, m, Ar.!:!), 7.79-7.85 (2H, m, Ar.!:!), 7.57-7.65 
(2H, m, Ar.!:!), 7.43-7.53 (4H, m, Ar.!:!), 4.65 (lH, dd, J 3.6,8.5 Hz, CHCHlC), 3.04 (lH, 
dd, J 5.2,7.0 Hz, CHlCHOqCH3)z). 2.46 (I H, ddd, J 5.2,8.4,15.7 Hz, CHCHHCH), 2.20 
(lH, ddd, J 3.7,7.1,15.7 Hz, CHCHHCH), 1.21 (3H, s, C!iJ), 1.05 (3H, s, C!iJ); lie (100 
MHz; CDCh) 137.4, 136.3 (Arg, 133.7, 133.6 (ArCH), 128.6, 128.4,128.2,128.2 (2C, s, 
ArCH), 80.1 (£HCHlC), 59.7 (CHCHlCHOC), 24.3 (CH~HlC), 23.4, 17.6 
(CHOC(£H3lz). Quaternary epoxide carbon not visible so not assigned. 
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3-(2,2-Bis-benzenesulfonyl-propyl)-2,2-dimethyl-oxirane (54) 
Ph02S 
In a flame dried RBF under an inert atmosphere, NaH (60 % disp. 0.016 g, 0.40 mmol) was 
stirred in THF (10 mL) at O°C. To this was added, slowly, 2,2-dimethyl-3[2,2-
bis(phenylsulfonyl)ethyl]oxirane, (0.100 g, 0.26 mmol). The solution was left to stir for 
approximately 10 min. Methyl iodide (0.372 g, 2.6 mmol) was added and the reaction left 
to stir at room temp. The reaction was quenched with water (5 mL) and extracted with 
DCM (3 x 20 mL), dried (MgS04) and concentrated in vacuo. The resulting residue was 
purified by flash silica column chromatography eluting with light petroleum-diethyl ether 
(10: I v/v) to afford the title compound as an off white oil (0.072 g, 70 %); C19H22S20S, 
HRMS [EI](M+), required 394.0909, found 394.0901; Vmax (neat film)/cm- I 2925 (Sp3 C-H), 
1309, 1149 (S02); OH (400 MHz; CDCh) 7.88 (4H, dd, J 1.1, 8.4 Hz, ArH), 7.57-7.60 (2H, 
m, ArH), 7.42-7.49 (4H, m, ArH), 3.12 (lH, t, J 5.3 Hz, CH2CHOC), 2.42 (lH, dd, J 5.3, 
13.8 Hz, CHHCHOC), 2.05 (lH, dd, J 5.3, 15.7 Hz, CHHCHOC), 1.70 (3H, s, 
QClli)CH2C), 1.18 (3H, s, CH2CHOqClli)2), 1.06 (3H, s, CHOQCfu)2); 0, (lOO MHz; 
CDCI3) 136.2, 135.7 (Arg, 134.8, 134.6 (ArCH), 131.3, 131.2, 128.9, 128.8 (2C, s, 
ArCH), 86.3 (!;;.(CH3)CH2C), 59.0 (CH2CHOC), 58.6 (CHO~(CH3)2)' 31.6 (!;;.H2CHOC), 
24.6 (C(!;;.H3)CH2C), 16.9, 18.7 (CHOC(!;;.H3)2); mlz 394 (M+, < I %),252 (16 %),183 (66 
%),125 (lOO %), 85 (96 %). 
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2-Formyl-cyc\opropane-l,1-dicarhoxyJic acid dimethyl ester (192)125 
To a flame dried flask, under an inert atmosphere, was added OCM (20 mL) and 2-
vinylcyclopropane-I,I-dicarboxylic acid dimethyl ester (1.000 g, 5.46 mmol). 02 was 
passed through the solution at -78'C for 10 min. 0) was then passed through until the 
solution turned blue, at which point O2 was passed through until the solution returned 
colourless. OMS (2.00 mL, 27.30 mmol) was added and the solution allowed to warm to 
room temperature and further stirred for 1.0 h. The solution was then washed with saturated 
copper sulfate solution (3 x 25 mL), brine (2 x 20 mL), dried over MgS04 and concentrated 
in vacuo to yield the title compound without the need for further purification as a 
colourless, viscous oil (0.852 g, 79 %); CgH100 5, HRMS [EI]«M-H)), required 185.0450, 
found 185.0448; Vrnax (neat film)/cm· 1 3008,2956,2850 (sp) C-H), 1732 (C=O); OH (400 
MHz; COCh) 9.30 (lH, d, J 2.8 Hz, CHO), 3.70 (6H, s, C02C!:b), 2.71 (lH, ddd, J 4.4, 
6.8, 11.2 Hz, CH2CHC), 2.02 (l H, dd, J 5.0, 7.0 Hz, CCHCHtl), 1.89 (l H, dd, J 4.4, 6.8 
Hz, CCHCHH); Oc (100 MHz; COCl)) 197 ~HO), 166.8, 168.7 ~02CH3), 53.3, 53.6 
(C02CH3), 38.0 (£CHCH2), 35.1 (£HCH2), 20.0 (CCHCH2); mlz 185 «M-Ht, 86 %), 126 
(64 %), 68 (81 %). 
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2-Formyl-cycIopropane-l,1-dicarboxylic acid dimethyl ester (192)128 
Dimethyl bromomalonate (0.300 g, 1.42 mmol), acrolein (0.095 g, 1.70 mmol), potassium 
carbonate (0.395 g, 2.89 mmol) and DMF (10 mL) were stirred vigorously for 2.0 h at 
room temperature. The mixture was treated with dilute HCI (2 mL) and extracted into 
DCM. The organic phase was washed with water (2 x 10 mL), brine (2 x 10 mL) and dried 
over MgS04• The organic phase was concentrated in vacuo to give the title compound, 
without the need for further purification, as a brown oil (0.235 g, 89 %); Spectroscopic data 
were identical to those identical in the previous experiment. 
Allyl triphenyl phosphonium bromide (193)129 
To a slurry oftriphenylphosphine (40.000 g, 152.0 mmol) in toluene (lOO mL) was added 
allyl bromide (36.942 g, 304.5 mmol). The reaction mixture was heated at reflux for 4.0 h. 
The white suspension was then filtered under vacuum, washed with toluene (75 mL) and 
dried to leave a white powder (55.524 g, 96%); mp 222-22YC (lit., 221-224oC)129; 
Vmax (neat film)!cm·1 1435 (P-Ph); OH (400 MHz; CDCIJ ) 7.62-7.81 (l5H, m, ArID, 5.61-
5.66 (I H, m, CH2CHCH2P), 5.53 (I H, ddd, J 1.1, 5.1, 17.0 Hz, CHHCHCH2P), 5.33 (1 H, 
ddd,J 1.1, 4.4, 9.7 Hz, CHHCHCH2P), 4.76 (2H, dd,J7.0, 15.4 Hz, CH2CHClliP); oe (100 
MHz; CDCh) 135.1, 135.0 (CH,£HCH2P), 134.0, 133.9 (Ar£), 130.6, 134.4 
~H2CHCH2P), 118.5, 117.6 (ArCH), 29.1 (CH2CHCHzP). 
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2-Buta-l,3-dieuyl-cyclopropane-l,1-dicarboxylic acid dimethyl ester (194)IJO 
C02Me ~C02Me 
Allyl triphenyl phosphonium bromide (4.101 g, 10.01 mmol) and DBU (3.045 g, 20.00 
mmol) were added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in 
dry THF (20 mL). 2-formyl-cycIopropane-I,I-dicarboxylic acid dimethyl ester (1.790 g, 
9.10 mmol) in dry THF (5 mL) was then added to the reaction. The reaction was then 
refluxed for 3.0 h. The reaction mixture was allowed to cool and then neutralised by the 
addition of sat. NH4CI solution. The organic layer was then separated and the aqueous layer 
extracted with ether (3 x 15 mL). The combined organic layers were then dried over 
MgS04 and concentrated in vacuo. The product was purified by flash silica 
chromatography eluting in petroleum ether-diethyl ether (2: I v/v) to yield the two 
inseparable title compound stereoisomers as a colourless oil (0.770 g, 44 %, 3:1 E/Z); 
CllHI40 4, HRMS [EI](M"), required 210.0892, found 210.0892; Vmax (neat film)/cm·1 3087, 
3001,2953,2847 (spJ C-H), 1731 (C=O); Assigned from combined spectrum (i) Major 
isomer, E cSH (400 MHz; CDCh) 6.15-6.26 (2H, m, CH2CHCH), 5.06-5.27 (2H, m, 
CHHCHCHCH), 496-4.99 (lH, m, CHHCHCH), 3.68 (3H, s, C02C!iJ), 3.67 (3H, s, 
C02C!iJ), 2.54 (lH, q, J 8.9 Hz, CHCH2C), 1.53-1.69 (2H, m, CHCfuc); cSe (lOO MHz; 
CDCh) 169.9, 167.9 (£02CHJ), 136.1 (CH2CHCH), 134.8 (CH2CHCH), 128.4 
(CH2CHCHCH), 117.1 (£H2CHCH), 52.7, 52.6 (C02CHJ), 36.0 (£(C02CHJ)2), 31.2 
(£HCH2C), 21.2 (CHCH2C); (ii) Minor isomer, Z cSH (400 MHz; CDCh) 6.63-6.73 (I H, m, 
CH2CHCH), 6.05 (I H, t, J 10.2 Hz, CH2CHCH), 5.06-5.27 (2H, m, CfuCHCH), 4.87 (I H, 
t, J 10.2 Hz, CH2CHCHCH), 3.69 (6H, s, C02C!iJ), 2.80-2.87 (I H, m, CHCH2C), 1.53-
1.69 (2H, m, CHC!:!.zC); cSe (lOO MHz; CDCh) 170.0, 167.9 (£02CHJ), 133.4 (CH2CHCH), 
131.8 (CH2CHCH), 126.1 (CH2CHCHCH), 119.3 (£H2CHCH), 52.8 (2C, s, C(C02CHJ)2), 
36.0 (£(C02CHJ)2), 27.0 (£HCH2C), 22.1 (CHCH2C); mlz (M+, 7 %),178 (33 %), 150 (41 
%),146 (31 %), 118 (43 %), 91 (lOO %). 
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2-Buta-l,3-dienyl-cycIopropane-l,1-dicarboxylic acid dimethyl ester (194)131 
CO2 Me 
~C02Me 
To a solution of allyl diphenylphosphine oxide (1.474 g, 6.09 mmol) in THF (5 mL) and 
HMPA (0.218 g, 12.2 mmol), was added, dropwise, n- BuLi (2.5M in hexane, 2.44 mL, 
6.09 mmol) at -78 "C. The resulting solution was stirred at -78 "C for 10 min. 2-forrnyl-
cyclopropane-I,I-dicarboxylic acid dimethyl ester (1.000 g, 5.08 mmol) was added over a 
period of 15 min at -78 ·C. The reaction mixture was stirred at -78 "C for 10 min, at 0 "C 
for 30 min and finally at 20"C for 2.0 h, and then poured into ice cooled aqueous 
hydrochloric acid. The product was then extracted with hexane (3 x 20 mL). The combined 
org~nic layers were wash~d with brine (20 mL), dried over MgS04 and con·centrated in 
vacuo. The resulting oil was purified by flash silica column chromatography eluting with 
petroleum ether-diethyl ether (2: I v/v) to yield the title compound as a colourless oil (0.276 
g, 26 %); Vmax (neat film)/crn· 1 3002,2953, 2846 (sp3 C-H), 1731 (C~O); OH (400 MHz; 
CDCh) 6.15-6.26 (2H, m, CH2CHCH), 4.96-5.25 (3H, rn, C!±CHCHCHCH), 3.68 (3H, s, 
C02Cfu), 3.67 (3H, s, C02Clli), 2.53-2.55 (I H, m, CHCHCH2C), 1.68 (I H, dd, J 5.0, 7.6 
Hz, CHCHHC), 1.57 (I H, dd, J 5.0,9.2 Hz, CHCHHC); 0, (100 MHz; CDCh) 168.9, 166.8 
(!;;.02CH3), 135.8 (CH2CHCH), 132.8 (CH2CHCH), 127.4 (CH2CHCHCH), 116.1 
(!;;.H2CHCH), 51.8, 51.7 (C02CH3), 35.2 (h(C02CH3h), 30.9 (hHCH2C), 20.2 (CHCH2C). 
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4-Allyl-2-oxo-3-oxa-bicycloI3.1.0Ihexane-l-carboxylic acid methyl ester (197) 
o 
A 100 ml RBF was charged with indium (0.121 g, 1.52 mmol), allyl bromide (0.184 g, 1.52 
mmol), 2-vinylcyclopropane-l, I-dicarboxylic acid dimethyl ester (0.200g, 1.02 mmol) and 
water (IO mL) and left to stir for 6.0 h. The reaction was then extracted using diethyl ether 
(3 x 10 mL) and the organic layers combined, dried over MgS04, and concentrated in 
vacuo. The resulting oil was purified by flash silica chromatography eluting in petroleum 
ether-diethyl ether (2: I v/v) to yield the two inseparable title compound diastereoisomers as 
a colourless oil ( 0.211 g, 88 %, 2: I d.r.); C IOHI20 4, HRMS [EI]«M+Ht), required 
197.0814, found 197.0810; Vrnax (neat film)/cm· 1 3079,3008,2954,2852, (Spl C-H), 1790, 
1732 (C=O); Assigned from combined spectrum (i) Major diastereoisomer OH (400 MHz; 
CDCh) 5.65-5.85 (IH, m, CH2CHCH2), 5.03-5.18 (2H, m, ClliCHCH2), 4.58 (IH, dt, J 
4.5,7.3 Hz, CH2CHCH2Ct!.), 3.66 (3H, s, C02Clli), 2.67 (IH, ddd, J 4.5,5.6, 10.0 Hz, 
CHCH2C), 2.40-2.53 (I H, m, CH2CHCHHC), 2.15-2.27 (I H, m, CH2CHCHHC), 1.88-1.94 
(IH, m, CHCHHC), 1.41-1.43 (IH, m, CHCHHC); Oc (100 MHz; CDCh) 170.2 ~02CHl) 
167.3 (QC02CHl)C02), 131.5 (CH&HCH2), 119.2 ~H2CHCH2), 76.5 (CH2CHCH2CH), 
53.0 (C02CHl), 36.4 «CH2CHCH2), 31.4 ~HCH2C)' 30.5 ~(C02CHl»' 18.1 (CHCH2C); 
(ii) Minor diastereoisomer OH (400 MHz; CDCh) 5.65-5.85 (I H, m, CH2CHCH2), 5.03-
5.18 (2H, m, ClliCHCH2), 4.32 (I H, t, J 5.9 Hz, CH2CHCH2Ct!.), 3.74 (3H, s, C02Clli), 
3.07 (I H, dd, J 6.2, 9.8 Hz, CHCH2C), 2.33-2.37 (2H, m, CH2CHClliCH), 1.49 (I H, dd, J 
5.0,9.2 Hz, CHCHHC), 1.25 (lH, dd, J 5.1,7.4 Hz, CHCHHC); Oc (100 MHz; CDCll) 
170.0 ~02CH3) 169.3 (QC02CHl)C02), 134.0 (CH2CHCH2), 118.0 ~H2CHCH2)' 72.0 
(CH2CHCH&H), 53.1 (C02CHl), 40.8 «CH2CHCH2), 34.1 (CHCH2C), 33.4 
~(C02CHl»' 18.7 (CHCH2C); mlz 197 «M+Ht, 2 %), 155 (100 %), 95 (91 %),59 (64 
%),41 (39 %). 
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Iron tricarbonyI2-buta-l,3-dienyl-cyc1opropane-l,1-dicarboxylic acid dimethyl ester 
C02Me ~C02Me 
Fe(CO), 
Diiron nonacarbonyl (0.234 g, 0.62 mmol) and 2-buta-I,3-dienyl-cyclopropane-l,l-
dicarboxylic acid dimethyl ester ( 0.266 g, 1.23 mmol) were heated under reflux in THF (40 
mL) for 3.0 h. The solution was then filtered through a plug of celite and silica. The 
solution was concentrated in vacuo to leave an oily residue. The residue was purified by 
flash silica chromatography eluting in petroleum ether-diethyl ether (10:1 v/v) to yield the 
two. inseparable title complex diaster,\oisomers as a yellow-orange oil ( 0.133 g, 30 %, 
1.5: I); C!4H!407Fe, HRMS [FAB]((M+HY'), required 351.0167, found 351.0173; Vmax 
(neat film)/cm'! 2046, 1966 (M-CO), 3008, 2954, 2849 (Sp3 C-H), 1732 (C=O); Assigned 
from combined spectrum (i) Major isomer OH (400 MHz; CDCh) 5.17 (lH, dd, J 4.9,9.2 
Hz, CH2CHC!:D, 4.92-5.09 (lH, m, CH2CHCH), 3.52 (3H, s, C02Clli), 3.50 (3H, s, 
C02Clli), 1.69 (IH, q, J 9.2 Hz, CHCHzC)), 1.49-1.53 (lH, m, CHHCHCH), 1.37-1.45 
(2H, m, CHCHzC), 0.28 (lH, t, J 9.2 Hz, CHzCHCHCill, 0.01 (lH, dd, J 2.0, 9.2 Hz, 
CHHCHCH); 0, (lOO MHz; CDCh) 169.5, 167.9 (£:.OZCH3), 87.2 (CHzCHCH), 81.8 
(CHzCHCH), 58.1 (CHzCHCHCH), 52.8 (2C, s, C02CH3), 39.8 (£:.H2CHCH), 36.0 
~(COZCH3)z), 32.5 ~HCH2C), 22.5 (CHCH2C); (ii) Minor isomer OH (400 MHz; CDCh) 
4.92-5.09 (2H, m, CH2CHCill, 3.51 (3H, s, C02Clli), 3.48 (3H, s, C02Clli), 1.89 (lH, q, J 
7.6 Hz, CHCH2C), 1.37-1.45 (2H, m, CHHCHCH, CHCHHC), 1.33 (lH, dd, J 5.0,9.2 Hz, 
CHCHHC), 0.68 (IH, t, J 7.6 Hz, CHzCHCHCH), 0.06 (lH, dd, J 2.6, 8.6 Hz, 
CHHCHCH); 0, (lOO MHz; CDCh) 169.6, 168.0 (£:.OzCH3), 85.6 (CH2CHCH), 82.3 
(CH&HCH), 56.0 (CHzCHCH~H), 52.7, 52.7 (COZCH3), 40.1 ~H2CHCH), 36.6 
~(COZCH3)Z)' 32.7 (£:.HCH2C), 23.0 (CHCHzC); mlz 351 ((M+Hf, 17%),322 (24 %), 294 
(72 %), 266 (lOO %). 
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Iron tricarbonyI5-buta-l,3-dienyl-tetrahydroCuran-2,3,3-tricarboxylic acid 2-ethyl 
ester 3,3-dimethyl ester (198) 
C02Me ~C02Me 
L(COh 0 C02Et 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.090 g, 0.25 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (8 mL). Ethyl glyoxylate (0.061 g, 0.60 mmol, 50% in toluene) and 
ZnBr2 (0.113 g, 0.50 mmol) were added and the reaction mixture stirred for 1.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (3: I v/v) to yield the two separable title complex 
diastereoisomers as a yellow-orange oil (0.071 g, 63 %, I: I d.r.); C!8H200IOFe, HRMS 
[FAB]((M+H}'), required 453.0484, found 453.0487; Vmax (neat film)/cm·! 2956 (Sp3 C-H), 
2049, 1979 (M-CO), 1738 (C=O); Assigned from combined spectrum (i) I SI eluting 
diastereoisomer, cis OH (400 MHz; CDCh) 5.31-5.37 (lH, m, CH2CHCH), 5.19-5.25 (lH, 
m, CH2CHC!::D, 4.96 (IH, s, CH(C02CH2CH3», 4.01-4.17 (3H, m, C02CfuCH 3 and 
CHCH2C), 3.75 (3H, s, C02Ctb), 3.74 (3H, s, C02Ctb), 2.64 (lH, q, J 13.1 Hz, 
CHCHHC), 2.62 (I H, q, J 13.1 Hz, CHCHHC), \.79-1.80 (lH, m, CHHCHCH), 1.12-1.22 
(3H, m, (C02CH2Ctb», 0.73-0.84 (lH, m, CH2CHCHCH), 0.49 (\H, dd, J 1.7, 9.3 Hz, 
CHHCHCH); Oc (lOO MHz; CDCh) 170.0, 169.5 (~.o2CH3), 168.3 ~02CH2CH3), 87.4 
(CH2CHCH), 83.3 (CH2CHCH), 82.8 (£HCH2C), 81.5 (£H(C02CH2CH3», 64.3 
(£(C02CH3)z), 61.5 (C02CH2CH3), 59.6 (CH2CHCHCH), 53.1 (2C, s, C02CH3), 41.1 
(£H2CHCH), 40.0 (CHCH2C), 14.3 (C02CH;&H3); (ii) 2nd eluting diastereoisomer, trans 
OH (400 MHz; CDCh) 5.31-5.37 (IH, m, CH2CHCH), 5.19-5.25 (IH, rn, CH2CHCH), 5.04 
(lH, s, CH(C02CH2CH3», 4.01-4.17 (3H, m, C02CfuCH3 and CHCH2C), 3.66 (3H, s, 
C02Ctb), 3.66 (3H, s, C02Ctb), 3.41 (lH, q,J7.0 Hz, CHCH2C), 2.93 (lH, dd,J7.0, 13.1 
Hz, CHCHHC), 2.30 (I H, dd, J 8.0, 13.1 Hz, CHCHHC), \.79-1.80 (I H, m, CHHCHCH), 
1.12-1.22 (3H, m, (C02CH2Ctb», 1.06 (lH, t, J 8.8 Hz, CH2CHCHC!::D, 0.40 (IH, dd, J 
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1.7, 9.3 Hz, CHHCHCH); 8e (100 MHz; 
(£02CH2CH), 87.4 (CH2CHCH), 83.8 
CDCh) 169.4, 169.3 (£02CH), 
(CH2CHCH), 83.0 (£HCH2C), 
167.7 
81.9 
(£H(C02CH2CH)), 64.6 (£(C02CH)H 61.5 (C02CH2CH), 60.0 (CH2CHCHCH), 53.5, 
53.4 (COz.C.H), 41.7 (CHCH2C), 41.0 (£H2CHCH), 14.2 (C02CH2CH); mlz 453 «M+H)+, 
14 %), 424 (11 %),396 (17 %), 368 (100 %). 
Iron tricarbonyI5-buta-l,3-dienyl-2-phenyl-tetrahydrofuran-3,3-dicarboxylic acid 
dimethyl ester (199) 
fl ~ 
C02Me 
r--.J..-C02 Me 
Fe(CO), 0 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cycIopropane-l, I-dicarboxylic acid dimethyl ester 
(0.140 g, 0.40 mmol) was added 10 a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Benzaldehyde (0.051 g, 0.48 mmol) and ZnBr2 (0.360 g, 
1.60 mmol) were added and the reaction mixture stirred for 1.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (3: I v/v) to yield the two inseparable title complex diastereoisomers as a yellow-
orange oil (0.055 g, 30 %, 2: I d.r.); C2!H200sFe, HRMS [FAB](Ml, required 456.0508, 
found 456.0512; Vmax (neat film)/cm'! 2954,2848 (sp) C-H), 2048, 1965 (M-CO), 1754, 
1737, 1732 (C=O); Assigned from combined spectrum (i) Major diastereoisomer, cis 8H 
(400 MHz; CDCI) 7.15-7.36 (5H, m, ArCH), 5.58 (lH, 5, CH(Ar», 5.38-5.41 (IH, m, 
CH2CHCH), 5.18-5.26 (lH, m, CH2CHCH), 3.64-3.71 (lH, m, CHOCH(Ar», 3.72 (3H, s, 
C02C!:b), 3.71 (3H, s, C02C!:b), 2.77 (lH, dd, J 10.0, 13.3 Hz, CHCHHC), 2.44 (lH, dd, 
J 8.2, 13.3 Hz, CHCHHC), 1.83 (lH, ddd, J 1.0, 2.5,7.0 Hz, CHHCHCH), 1.10 (lH, t, J 
9.2 Hz, CH2CHCHCH), 0.54 (IH, ddd, J 1.0, 2.5, 9.2 Hz, CHHCHCH); 8e (lOO MHz; 
CDCh) 171.1, 169.1 (£02CH), 137.5 (ArQ, 127.9, 126.9 (2C, 5, Ar£,H), 126.5 (ArCH), 
170 
87.5 (CH2CHCH), 84.9 (£H(Ar)), 83.8 (CH2CHCH), 80.8 (£HCH2C), 66.1 (C(C02CH3)2), 
59.2 (CH2CHCHCH), 53.0, 52.9 (C02CH3), 41.1 (CHCH2C), 41.0 (£H2CHCH); (ii) Minor 
diastereoisomer, trans OH (400 MHz; CDCb) 7.15-7.36 (5H, m, ArCH), 5.71 (lH, s, 
CH(Ar)), 5.38-5.41 (lH, m, CH2CHCH), 5.18-5.26 (lH, m, CH2CHCH), 4.33-4.42 (lH, m, 
CHOCH(Ar)), 3.03 (3H, s, C02C.!:D), 3.04 (3H, s, C02C.!:D), 2.96 (\H, dd, J 6.3, 13.1 Hz, 
CHCHHC), 2.13 (lH, dd, J 8.2, 13.1 Hz, CHCHHC), 1.79 (IH, ddd, J 1.1, 2.4, 6.9 Hz, 
CHHCHCH), 0.92 (IH, t, J 9.2 Hz, CH2CHCHCH), 0.41 (lH, ddd, J 0.8,2.4, 9.6 Hz, 
CHHCHCH); Oc (100 MHz; CDCb) 170.3, 169.0 (£02CH3), 136.1 (Arg, 128.2, 127.9 
(2C, s, ArCH), 126.9 (ArCH), 87.4 (CH2CHCH), 83.9 (£H(Ar)), 83.7 (CH2CHCH), 82.4 
(£HCH2C), 66.3 (£(C02Me)2), 61.7 (CH2CHCHCH), 52.3, 52.2 (C02CH3), 42.6 
(CHCH2C), 41.0 (£H2CHCH); mlz 471 (M+, 13 %), 428 (4 %), 400 (23 %), 372 (lOO %). 
Iron tricarbonyI5-buta-l,3-dienyl-2-(4-nitro-phenyll-tetrahydrofuran-3,3-
dicarboxylic acid dimethyl ester (200) 
1'1 ~ 
C02Me 
r-.J.-C0 2Me 
Fe(CO), 0 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.170 g, 0.49 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). p-Nitrobenzaldehyde (0.115 g, 0.73 mmol) and ZnBr2 (0.441 
g, 1.96 mmol) were added and the reaction mixture stirred for 1.0 h at room temperature. 
The resulting mixture was filtered through a pad of celite and silica, then concentrated in 
vacuo, and the residue purified by flash silica chromatography eluting in petroleum ether-
diethyl ether (3: I v/v) to yield the two inseparable title complex diastereoisomers as a 
yellow-orange oil (0.123 g, 50 %, 1:1 d.r.); C21HI9NOiOFe, HRMS [FAB]«M+Ht), 
required 502.0437, found 502.0430; Vrnax (neat film)/cm·1 3005, 2954, 2849 (Sp3 C-H), 
2048, 1979 (M-CO), 1737, 1732, (C=O), 1524.0, 1519, 1348 (N02); Assigned from 
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combined spectrum (i) I SI eluting diastereoisomer, cis OH (400 MHz; CDCh) 8.09 (2H, d, J 
6.8 Hz, ArC!:!), 7.49-7.56 (2H, d, J 6.8 Hz, ArC!:!), 5.60 (IH, s, CH(ArN02», 5.39 (lH, bs, 
CH2CHC!:!), 5.17-5.35 (IH, m, CH2CHCH), 3.68-3.75 (lH, m, CHCH2C), 3.75 (3H, s, 
C02Cfu), 3.03 (3H, s, C02Cfu), 2.76 (lH, dd, J \0.8,13.1 Hz, CHCHHC), 2.51 (IH, dd, J 
5.8, 13.1 Hz, CHCHHC), 1.84 (l H, dd, J 6.4, 13.6 Hz, CHHCHCH), 0.88 (l H, t, J 8.6 Hz, 
CH2CHCHC!:!), 0.56 (lH, d, J 8.4 Hz, CHHCHCH); oc (lOO MHz; CDCh) 170.6, 168.7 
Cl;;.02CH3), 147.7, 145.6 (Arg, 127.8, 123.1 (2C, s, ArCH), 87.3 (CH2CHCH), 84.0 
(CH2CHCH), 83.8 Cl;;.H(ArN02)' 81.2 (CHCH2C), 66.0 (C(C02CH3)z). 58.6 
(CH2CHCHCH), 53.2, 52.5 (C02CH3), 41.9 (CHCH2C), 41.3 Cl;;.H2CHCH); (ii) 2nd eluting 
diastereoisomer, trans OH (400 MHz; CDCh) 8.09 (2H, d, J 6.8 Hz, ArC!:!), 7.49-7.56 (2H, 
d, J6.8 Hz, ArC!:!), 5.75 (lH, s, CH(ArN02), 5.39 (lH, bs, CH2CHC!:D, 5.17-5.35 (lH, m, 
CH2CHCH), 4.37-4.46 (lH, m, CHCH2C), 3.68 (3H, s, C02Cfu), 3.13 (3H, s, C02Cfu), 
2.95 (lH, dd, J 5.6, 12.6 Hz, CHCHHC), 2.16 (IH, dd, J 9.2, 12.6 Hz, CHCHHC), 1.84 
(lH, dd, J 6.4, 13.6 Hz, CHHCHCH), 0.88 (I H, t, J 8.4 Hz, CH2CHCHC!:!), 0.43 (\H, d, J 
9.2 Hz, CHHCHCH); Oc (lOO MHz; CDCh) 169.8, 168.5 (C02CH3), 147.6, 145.0 (Arg, 
127.5, 123.0 (2C, s, ArCH), 87.0 (CH2CHCH), 83.9 (CH2CHCH), 82.8 (CH(ArN02), 79.0 
(hHCH2C), 66.4 (C(C02CH3)2), 60.2 (CH2CHCHCH), 53.2, 52.4 (C02CH3), 42.7 
(CHCH2C), 41.1 (CH2CHCH); mlz 502 ((M+Ht, 8 %), 445 (15 %), 417 (48 %). 
Iron tricarbo nvl 2-(4-b ro mo-phenv \)-5-buta-l ,3-dienvl-tetrahvd rofuran-3,3-
dicarboxvlic acid dimethvl ester (201) 
fl ~ 
C02Me 
r--I--C02Me 
Fe(CO), 0 
Br 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, l-dicarboxylic acid dimethyl ester 
(0.089 g, 0.26 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). p-Bromobenzaldehyde (0.070 g, 0.38 mmol) and ZnBr2 
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(0.230 g, 1.02 mmol) were added and the reaction mixture stirred for 2.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (4:1 v/v) to yield the two inseparable title complex 
diastereoisomers as a yellow-orange oil (0.052 g, 38 %, 1.4: I d.r.); C2IHI90BBrFe, HRMS 
[FAB]«M+HY\ required 534.9691, found 534.9698; Vmax (neat film)/cm· 1 3003,2953 (Sp3 
C-H), 2049, 1990 (M-CO), 1742, 1738, 1732, 1728 (C=O); Assigned from combined 
spectrum (i) Major diastereoisomer, cis OH (400 MHz; COCb) 7.34-7.37 (2H, m, Ar.!:D, 
7.18-7.24 (2H, m, Ar.!:D, 5.50 (I H, s, CH(Ar», 5.37-5.40 (IH, m, CH2CHC.!:D, 5.19-5.27 
(IH, m, CH2CHCH), 3.65-3.74 (lH, m, CHCH2C), 3.72 (3H, s, C02C!:b), 3.10 (3H, s, 
C02C!:b), 2.74 (lH, dd, J 9.8, 13.5 Hz, CHCHHC), 2.44 (lH, dd, J 6.3, 13.5 Hz, 
CHCHHC), 1.80-1.85 (lH, m, CHHCHCH), 1.07 (lH, t, J 8.5 Hz, CH2CHCHC.!:D, 0.54 
(lH, dd, J2.3, 9.2 Hz, CHHCHCH); Oc (100 MHz; COCb) 170.9, 168.9 ~02CH3), 136.0 
(ArQ, 131.0, 128.6 (2C, s, ArCH), 122.2 (Arg, 87.4 (CH2CHCH), 84.2 ~H(Ar», 83.9 
(CH2CHCH), 80.9 ~HCH2C)' 65.8 ~(C02CH3H 58.9 (CH2CHCHCH), 53.1, 52.4 
(C02CH3), 41.8 (CHCH2C), 41.2 ~H2CHCH); (ii) Minor diastereoisomer, trans OH (400 
MHz; COCl l ) 7.34-7.37 (2H, m, Art!), 7.18-7.24 (2H, m, Ar.!:D, 5.63 (lH, s, CH(Ar», 
5.37-5.40 (IH, m, CH2CHC.!:D, 5.19-5.27 (lH, m, CH2CHCH), 4.33-4.40 (I H, m, 
CHCH2C), 3.68 (3H, s, C02C!:b), 3.16 (3H, s, C02C!:b), 2.94 (lH, dd, J 6.3, 13.2 Hz, 
CHCHHC), 2.12 (lH, dd, J 8.5, 13.2 Hz, CHCHHC), 1.80-1.85 (lH, m, CHHCHCH), 0.89 
(I H, t, J 8.9 Hz, CH2CHCHC.!:D, 0.41 (I H, dd, J 2.1, 9.2 Hz, CHHCHCH); Oc (100 MHz; 
CDCI3) 170.0, 168.8 ~02CH3), 136.7 (Arg, 131.0, 128.2 (2C, s, A~H), 122.1 (Arg, 
87.2 (CH2CHCH), 83.8 (CH2CHCH), 83.2 ~H(Ar», 82.4 ~HCH2C), 66.1 ~(C02CH3h), 
61.4 (CH2CHCHCH), 53.0, 52.3 (C02CH3), 42.5 (CHCH2C), 41.0 ~H2CHCH); mlz 535 
«M+Ht, 7 %),478 (28 %), 452 (52 %), 450 (50 %), 266 (100 %). 
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Iron tricarbonyI5-buta-l,3-dienyl-2-(4-methoxy-phenyl)-tetrahydrofuran-3,3-
dicarboxylic acid dimethyl ester (202) 
r'1 ~ 
C02Me 
r-+-C02Me 
Fe(CO), 0 
OMe 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.100 g, 0.29 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). p-Anisaldehyde (0.060 g, 0.60 mmol) and ZnBr2 (0.193 g, 
0.86 mmol) were added and the reaction mixture stirred for 1.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (4: I v/v) to yield the two inseparable litle complex diastereoisomers as a yellow-
orange oil (0.101 g, 73 %,4:1 d.r.); C22H220 9Fe, HRMS [FAB)(Ml, required 486.0613, 
found 486.0623; Vmax (neat film)/cm· 1 3006, 2954, 2841 (Sp3 C-H), 2048, 1979 (M-CO), 
1742, 1738, 1732 (C=O);Assigned from combined spectrum (i) Major diastereoisomer, cis 
OH (400 MHz; CDCh) 7.19-7.26 (2H, m, ArID, 6.71-6.75 (2H, m, ArID, 5.36-5.39 (IH, m, 
CH2CHCID, 5.20-5.23 (IH, m, CH2CHCH), 5.01-5.08 (lH, m, CH(Ar», 4.32-4.37 (lH, m, 
CHCH2C), 3.71 (3H, s, C02Clli), 3.68 (3H, s, OClli), 3.09 (3H, 5, C02Clli), 2.64-2.72 
(lH, m, CHCHHC), 2.37-2.44 (IH, m, CHCHHC), 1.78-1.81 (IH, m, CHHCHCH), 1.09 
(I H, t, J 8.8 Hz, CH2CHCHCID, 0.5 I (I H, dd, J 2.1, 9.6 Hz, CHHCHCH); Oc (100 MHz; 
CDCh) 171.2, 171.1 (£02CH3), 159.4, 131.6 (ArQ, 129.9, 113.2 (2C, s, ArCH), 87.5 
(CH2CHCH), 84.7 (£H(Ar», 83.7 (CH,CHCH), 78.4 (£HCH2C), 66.0 (£(C02CH312), 59.4 
(CH2CHCHCH), 55.2 (OCH3), S3.0, 52.3 (C02CH3), 41.1 (£H2CHCH), 40.4 (CHCH2C); 
(ii) Minor diastereoisomer, Irans OH (400 MHz; CDCb) 7.19-7.26 (2H, m, ArID, 6.71-6.75 
(2H, m, ArID, S.36-S.39 (lH, rn, CH2CHCID, S.12-S.23 (IH, m, CH2CHCH), 5.01-S.08 
(2H, m, CHCH2C and CH(Ar», 3.6S-3.71 (6H, rn, OClli, and C02Clli), 3.IS (3H, s, 
C02Clli), 2.92 (lH, dd, J 7.1, 13.1 Hz, CHCHHC), 2.10 (IH, dd, J 7.4, 13.1 Hz, 
CHCHHC), 1.78-1.81 (lH, m, CHHCHCH), 0.91 (lH, t, J 9.1 Hz, CH2CHCHCID, 0.38-
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0.40 (IH, m, CHHCHCH); Oc (100 MHz; CDCIJ) 170.3, 170.3 (£02CHJ), 159.4, 131.5 
(Arg, 129.5, 113.2 (2C, s, ArCH), 87.3 (CH2CHCH), 84.1 (C.H(Ar)), 83.6 (CH2CHCH), 
79.0 (£HCH2C), 66.0 (C.(C02CHJ)z), 62.0 (CH2CHCHCH), 55.2 (OCHJ), 53.8, 52.3 
(C02CHJ), 40.9 (C.H2CHCH), 40.7 (CHCH2C); mlz 486 (M+, < I %),430 (28 %),402 (66 
%),135 (100 %). 
Iron tricarbonyI5-buta-l,3-dienyl-2-(3,4,5-trimethoxy-phenyl)-tetrahydrofuran-3,3-
dicarboxylic acid dimethyl ester (203) 
~I~ 
C02Me 
r--4--C02Me OMe 
Fe(CO), 0 
OMe 
OMe 
Iron tricarbonyl 2-buta- I ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.100 g, 0.29 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). 3,4,5 Trimethoxybenzaldehyde (0.118 g, 0.60 mmol) and 
ZnBr2 (0.193 g, 0.86 mmol) were added and the reaction mixture stirred for 1.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (4:1 v/v) to yield the two inseparable title complex 
diastereoisomers as a yellow-orange oil (0.099 g, 61 %,4:1 d.r.); C24H2601lFe, HRMS 
[FAB](M+), required 546.0825, found 546.0835; Vmax (neat film)/cm· 1 2951 (spJ C-H), 
2048, 1975, 1965 (M-CO), 1737, 1732 (C=O); Assigned from combined spectrum (i) 
Major diastereoisomer, cis OH (400 MHz; CDCb) 6.55 (2H, s, ArC!:!), 5.46 (I H, s, 
CH(Ar(OCHJ)3)), 5.39 (IH, dd, J 4.9,8.9 Hz, CH2CHC!:!), 5.21-5.29 (IH, m, CH2CHCH), 
3.62-3.69 (lH, m, CHCH2C), 3.76 (6H, s, OCfu), 3.72 (3H, s, OC!:!J), 3.72 (3H, s, 
C02Cfu), 3.14 (3H, s, C02C!:!J), 2.77 (lH, dd, J9.8, 13.5 Hz, CHCHHC), 2.42 (lH, dd, J 
6.2, 13.5 Hz, CHCHHC), 1.82-1.84 (IH, m, CHHCHCH), 1.09 (IH, t, J 8.9 Hz, 
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CH2CHCHC!:!.), 0.54 (lH, dd, J 1.7, 9.3 Hz, CHHCHCH); Oe (lOO MHz; CDCh) 171.0, 
169.2 (~.o2CH3), 152.7 (2C, s, Arg, 137.7 (Arg, 132.8 (Arg, 104.0 (2C, s, ArCH), 87.6 
(CH2CHC!:!.), 85.0 ~H(ArOCH3)3)), 83.7 (CH2CHCH), 80.7 ~HCH2C)' 65.8 
~(C02CH3)z), 60.8 (CH2CHCHCH), 56.1 (3C, s, OCH3), 52.9, 52.5 (C02CH3), 41.9 
(CHCH2C), 41.1 ~H2CHCH); (ii) Minor diastereoisomer, trans OH (400 MHz; CDCh) 
6.57 (2H, s, ArC!:!.), 5.51 (lH, s, CH(Ar(OCH3)3)), 5.39 (lH, dd, J 4.9,8.9 Hz, CH2CHC!:!.), 
5.21-5.29 (I H, m, CH2CHCH), 4.33-4.41 (I H, m, CHCH2C), 3.77 (6H, s, OC!:h), 3.72 (3H, 
s,OC!:h), 3.67 (3H, s, C02C!:h), 3.19 (3H, s, C02C!:h), 2.96 (lH, dd, J 6.6, 13.2 Hz, 
CHCHHC), 2.10 (lH, dd, J 8.0, 13.2 Hz, CHCHHC), 1.79-1.81 (lH, m, CHHCHCH), 0.93 
(lH, t, J 9.0 Hz, CH2CHCHC!:!.), 0.40 (I H, dd, J 1.7, 9.2 Hz, CHHCHCH); oe (lOO MHz; 
CDCh) 171.1, 170.2 ~02CH3), 152.8 (2C,s, ArQ, 137.6 (Arg, 133.3 (Arg, 103.5 (2C, s, 
ArCH), 87.2 (CH2CHC!:!.), 84.2 ~H(Ar(OCH3)3)), 83.6 (CH2CHCH), 78.4 ~HCH2C), 
66.0 ~(C02CH3)z), 61.9 (CH2CHCHCH), 59.1 (3C,s, OCH3), 52.8, 52.4 (C02CH3); 42.6 
(CHCH2C), 40.4 ~H2CHCH); mlz 546 (M+, 3 %), 518 (4 %), 490 (20 %), 462 (lOO %). 
Iron tricarbonyI5-buta-l,3-dienyl-2-pentyl-tetrahydroCuran-3,3-dicarboxylic acid 
dimethyl ester (204) 
fl ~ 
Fe(CO), 0 
C02Me 
C02Me 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, 1-dicarboxylic acid dimethyl ester 
(0.700 g, 0.20 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Hexanal (0.024 g, 0.24 mmol) and ZnBr2 (0.135 g, 0.60 
mmol) were added and the reaction mixture stirred for 2.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
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ether (5: I v/v) to yield the two inseparable title complex diastereoisomers as a yellow-
orange oil (0.033 g, 36%, 2.5: I d.r.); C20H260SFe, HRMS [FAB](M+-2CO), required 
394.1079, found 394. 1085; V max (neat film)/cm· 1 2954, 2859 (Spl C-H), 2048, 1978 (M-
CO), 1737, 1732 (C=O); Assigned from combined spectrum (i) Major diastereoisomer, cis 
OH (400 MHz; CDCll) 5.35 (I H, dd, J 4.8, 8.2 Hz, CH2CHCH), 5.17-5.25 (lH, m, 
CH2CHCH), 4.19-4.27 (I H, m, CH(CH2)'), 3.69 (3H, s, C02C!::b), 3.67 (3H, s, C02C!::b), 
3.53-3.58 (I H, m, CHCH2C), 2.52 (l H, dd, J 8.7, 13.5 Hz, CHCHHC), 2.41 (1 H, dd, J 7.2, 
13.5 Hz, CHCHHC), 1.75-1.77 (lH, m, CHHCHCH), 1.42-1.59 (8H, m, (C!:h).CHl), 1.01 
(IH, t, J 8.1 Hz, CH2CHCHCH), 0.80-0.85 (3H, m, (CH2).C!::b), 0.45 (IH, dd, J 1.6, 9.3 
Hz, CHHCHCH); oe (lOO MHz; CDCb) 171.0, 170.3 ~02CHl)' 87.1 (CH2CHCH), 82.9 
(CH2CHCH), 82.6 ~H(CH2)')' 80.4 ~HCH2C)' 63.6 ~(C02CHl)z), 62.6 
(CH2CHCH~H), 52.8, 52.6 (CO&Hl), 42.2 (CHCH2C), 40.8 ~H2CHCH), 31.7, 26.5, 
26.5,22.7 (CH(C!:h).CHl), 14.1 (CH(CH2).CHl); (ii) Minor diastereoisomer, trans OH (400 
MHz; CDCll) 5.30 (lH, dd, J 4.8,8.1 Hz, CH2CHCH), 5.17-5.25 (lH, m, CH2CHCH), 
4.37-4.41 (lH, m, CH(CH2).), 3.70 (3H, s, C02C!::b), 3.68 (3H, s, C02C!:b), 3.98-4.04 (IH, 
m, CHCH2C), 2.81 (lH, dd, J 6.7, 13.2 Hz, CHCHHC), 2.41 (lH, dd, J 8.5, 13.2 Hz, 
CHCHHC), 1.75-1.77 (IH, m, CHHCHCH), 1.42-1.59 (8H, m, (C!:h).CHl), 0.80-0.85 (4H, 
m, (CH2)4C!::b, CH2CHCHCH), 0.37 (lH, dd, J 1.8, 9.2 Hz, CHHCHCH); lie (lOO MHz; 
CDCll) 170.9, 170.1 ~02CHl), 87.3 (CH2CHCH), 83.6 (CH2CHCH), 83.5 ~H(CH2)')' 
80.1 ~HCH2C), 63.3 ~(C02CHl)z), 60.6 (CH2CHCHCH), 52.8, 52.5 (C02CHl), 41.7 
(CHCH2C), 40.9 ~H2CHCH), 31.7, 26.5, 26.5, 22.7 (CH(C!:h).CHl), 14.1 
(CH(CH2).~Hl); mlz 394 (M+-2CO, 22 %), 366 (86 %). 
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Iron tricarbonyI5-buta-l,3-dienyl-2-isopropyl-tetrahydrofuran-3,3-dicarboxylic acid 
dimethyl ester (205) 
fl ~ 
C02Me 
r--I--C02Me 
Fe(CO}, 0 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.123 g, 0.35 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Isobutyraldehyde (0.076 g, 1.06 mmol) and ZnBr2 (0.317 g, 
1.41 mmol) were added and the reaction mixture stirred for 2.0 h. The resulting mixture 
was filtered through a pad of celite and silica, then concentrated in vacuo, and the residue 
purified by flash silica chromatography eluting in petroleum ether-diethyl ether (4: I v/v) to 
yield the two inseparable title complex diastereoisomers as a yellow-orange oil (0.049 g, 33 
%, 10:1 d.r.); C1SH220sFe, HRMS [FAB]«M+H)l, required 423.0742, found 423.0736; 
V max (neat film)/cm·1 2956,2874 (Sp3 C-H), 2047,1978 (M-CO), 1754,1737,1732 (C=O); 
(i) Major diastereoisomer, cis 8H (250 MHz; CDCh) 5.42 (l H, dd, J 4.8, 8.2 Hz, 
CH2CHCH), 5.24-5.33 (lH, m, CH2CHCH), 4.14 (IH, dd, J 11.5, 16.4 Hz, 
CH(CH(CH3)2)), 3.75 (3H, s, C02C!iJ), 3.75 (3H, s, C02C!iJl, 3.60 (IH, dt, J7.0, 8.7 Hz, 
CHCH2C), 2.62 (IH, dd, J 8.7, 13.3 Hz, CHCHHC), 2.46 (lH, dd, J 7.0, 13.3 Hz, 
CHCHHC), 1.77-1.85 (2H, m, CHHCHCH and CH(CH3)2), 1.06-1.09 (IH, m, 
CH2CHCHCH), 0.94 (6H, d, J 6.7 Hz, CH(Cllih)), 0.49 (lH, dd, J 2.5, 9.2 Hz, 
CHHCHCH); 8c (100 MHz; CDCh) 171.3, 170.2 (£02CH3), 88.8 (£H(CH(CH3)2)), 87.2 
(CH2CHCH), 83.3 (CH2CHCH), 79.4 (£HCH2C), 62.9 (£(C02CH3)2), 60.5 
(CH2CHCHCH), 52.8, 52.6 (C02CH3), 43.4 (CH~H2C), 40.8 (£H2CHCH), 30.3, 30.2 
(£H(CH3H 20.2,19.1 (CH(£H3)z); mlz 423 «M+Hr, 12 %), 366 (53 %), 338 (100 %), 
284 (8 %). 
Characterisation of the minor isomer was not possible. 
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Iron tricarbonyl S-buta-l,3-dienyl-2-vinyl-tetrahydroruran-3,3-dicarboxylic acid 
dimethyl ester (206) 
fl~ 
Fe(CO), 0 
C02Me 
C02Me 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.100 g, 0.289 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen 
and dissolved in dry DCM (5 mL). Propenal (0.032 g, 0.58 mmol) and ZnBr2 (0.258 g, 1.15 
mmol) were added and the reaction mixture stirred for 2.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (2: I v/v) to yield the two inseparable title complex diastereoisomers as a yellow-
orange oil (0.023 g, 20%, I: I d.r.); C17H1SOgFe, HRMS [FAB]((M+H)), required 
407.0429, found 407.0433; Vrnax (neat film)/cm· 1 3006,2955 (Sp3 C-H), 2052, 1990 (M-
CO), 1755, 1746, 1738, 1732 (C=O); Assigned from combined spectrum (i) 1st 
diastereoisomer, cis OH (400 MHz; CDCh) 5.64-5.78 (IH, m, CH(CHCH2)), 5.30-5.36 (lH, 
m, CH2CHC!:D, 5.21-5.23 (IH, m, CH2CHCH), 5.13-5.36 (2H, m, CH(CHCfu)), 4.87 (lH, 
d, J 6.5 Hz, CH(CHCH2)), 3.71 (3H, s, C02Clli), 3.61 (3H, s, C02C!i:J), 3.55-3.64 (I H, m, 
CHCH2C), 2.55 (I H, dd, J 6.1, 13.4 Hz, CHCHHC), 2.44 (I H, dd, J 8.3, 13.4 Hz, 
CHCHHC), 1.77-1.80 (lH, m, CHHCHCH), 0.95 (IH, t, J 8.8 Hz, CH2CHCHC!:D, 0.47 
(IH, dd, J 2.3,9.6 Hz, CHHCHCH); Oc (lOO MHz; CDCI3) 170.5, 169.0 (h02CH3), 133.9 
(CH(hHCH2)), 118.5 (CH(CHCH2)), 87.4 (CH2CHCH), 83.7 (CH2CHCH), 82.9 
(hH(CHCH2)), 80.8 (hHCH2C), 64.5 (h(C02CH3)2), 59.8 (CH2CHCHCH), 53.0, 52.7 
(C02CH3), 41.0 (CHCH2C), 41.0 (hH2CHCH); 2nd diastereoisomer, Irans OH (400 MHz; 
CDCh) 5.64-5.78 (I H, m, CH(CHCH2)), 5.30-5.36 (I H, m, CH2CHC!:D, 5.21-5.23 (I H, m, 
CH2CHCH), 5.13-5.36 (2H, m, CH(CHCfu)), 4.97 (IH, d, J 6.0 Hz, CH(CHCH2)), 4.09 
(lH, dt, J 6.6,8.6 Hz, CHCH2C), 3.73 (3H, s, C02Clli), 3.63 (3H, s, C02C!i:J), 2.85 (lH, 
dd, J 6.5, 13.2 Hz, CHCHHC), 2.07 (I H, dd, J 8.3, 13.2 Hz, CHCHHC), 1.77-1.80 (IH, m, 
CHHCHCH), 0.82 (I H, t, J 8.5 Hz, CH2CHCHC!:D, 0.38 (lH, dd, J 2.2, 9.5 Hz, 
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CHHCHCH); Oe (100 MHz; CDCI3) 169.9, 168.9 (£02CH3), 133.6 (CH(£HCH2)), 117.7 
(CH(CHCH2)), 87.2 (CH2CHCH), 83.7 (CH2CHCH), 82.8 (£H(CHCH2)), 81.5 (£HCH2C), 
64.6 (£(C02CH3)I), 61.7 (CH2CHCHCH), 53.0, 52.6 (CO&H3), 41.8 (CHCH2C), 40.9 
(£H2CHCH); mlz 407 ((M+Ht, 17%),379 (6 %), 351 (11 %),323 (48 %), 322 (100 %). 
Iron tricarbonyI5-buta-l,3-dienyl-2-methyl-tetrahydrofuran-3,3-dicarhoxylic acid 
dimethyl ester (207) 
C02Me ~02Me 
. Fe(CO), .0 . 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, 1-dicarboxylic acid dimethyl ester 
(0.170 g, 0.48 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (8 mL). Acetaldehyde (0.113 g, 2.41 mmol) and ZnBr2 (0.432 g, 
1.92 mmol) were added and the reaction mixture stirred for 1.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (3: I v/v) to yield the two inseparable title complex diastereoisomers as a yellow-
orange oil (0.096 g, 51 %, 1.5:1 d.r.); CI6H1SOsFe, HRMS [FAB]((M+HY\ required 
395.0429, found 395.0424; Vmax (neat film)/cm·1 2955 (Sp3 C-H), 2047, 1964 (M-CO), 
1754, 1737, 1732, 1715 (C=O); Assigned from combined spectrum (i) Major 
diastereoisomer, cis OH (400 MHz; CDCI3) 5.28-5.34 (I H, m, CH2CHCt!.), 5.19-5.25 (I H, 
m, CH2CHCH), 4.42 (I H, q, J 6.4 Hz, CH(CH3)), 3.70 (3H, s, C02C.!:L), 3.70 (3H, s, 
C02C.!:L), 3.49-3.58 (IH, m, CHOCH(CH3)), 2.55 (IH, dd, J 8.9, 13.5 Hz, CHCHHC), 
2.42 (I H, dd, J7.6, 13.5 Hz, CHCHHC), 1.77-1.79 (lH, m, CHHCHCH), 1.17 (3H, d,J6.4 
Hz, CH(C.!:L)), 1.00 (I H, t, J 8.2 Hz, CH2CHCHCt!.), 0.47 (I H, dd, J 2.4, 9.3 Hz, 
CHHCHCH); oe (100 MHz; CDCI3) 170.7, 169.9 (£02CH3), 87.4 (CH2CHCH), 83.7 
(CH&HCH), 80.4 (£HCH2C), 79.4 (CH(CH3)), 63.5 (£(C02CH3h), 60.2 (CH2CHCHCH), 
52.8, 52.6 (C02CH3), 41.4 (CHCH2C), 41.0 (£H2CHCH), 17.1 (CH(£H3)); (ii) Minor 
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diastereoisomer, trans IiH (400 MHz; CDCh) 5.28-5.34 (I H, m, CH2CHCH), 5.19-5.25 
(I H, m, CH2CHCH), 4.55 (I H, q, J 6.4 Hz, CH(CH3», 3.99-4.06 (I H. m, CHOCH(CH3», 
3.68 (3H, s, C02Cfu), 3.68 (3H, s, C02Clli), 2.82 (I H, dd, J 6.7, 13.2 Hz, CHCHHC), 
2.02 (I H, dd, J 8.4, 13.2 Hz, CHCHHC), 1.77-1.79 (I H, m, CHHCHCH), 1.17 (3H, d, J 6.4 
Hz, CH(Cfu», 0.83 (IH, t, J 8.5 Hz, CH2CHCHCH), 0.38 (lH, dd, J 2.4, 9.2 Hz, 
CHHCHCH); lie (100 MHz; CDCb) 170.0, 169.5 ~02CH3), 87.2 (CH2CHCH), 83.7 
(CH2CHCH), 80.8 ~HCH2C)' 78.5 ~H(CH3», 63.9 ~(C02CH3)2)' 62.2 (CH2CHCHCH), 
52.6 (2C, s, C02CH3), 41.9 (CHCH2C), 40.9 ~H2CHCH), 17.0 (CH~H3»; mlz 395 
«M+Ht, 10 %), 366 (7 %), 338 (32 %), 310 (77 %), 57 (100 %). 
IrontricarbonyI2-hexyl-malonic acid dimethyl ester tetrafluoroborate (210) 
BF~ ~C02~ 
(OChFe~ C02Me 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cycIopropane-l, I-dicarboxylic acid dimethyl ester 
(0.100 g, 0.29 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in diethyl ether (5 mL). After cooling to O°C, tetrafluoroboric acid (0.050 g, 0.315 
mmol, 0.54% diethyl ether solution) was added dropwise and the reaction mixture stirred 
for 0.5 h, with an immediate precipitation of a red residue. The resulting mixture was 
concentrated in vacuo, to yield the title complex as a red residue (0.063 g, 52 %); vm .. ,
(neat film)/cm·1 2117, 2075, 1972 (M-CO), 1754, 1737, 1731 (C~O); IiH (400 MHz; 
CDCh) 7.05 (IH, t, J 6.8 Hz, CH2CHCHCH), 6.26-6.34 (IH, m, CH2CHCHCH), 6.21 (IH, 
dd, J 6.8, 12.2 Hz, CH2CHCHCH), 3.71-3.74 (2H, s, CHHCHCH and CHCH2CH), 3.60 
(6H, s, QC02Clli)2), 3.24-3.30 (lH, m, CHCH2CH), 2.77 (lH, dt, J 5.4, 14.2 
CHCHHCH), 2.45 (lH, dd, J 3.3, 12.5 Hz, CHHCHCH), 2.16 (lH, dd, J 9.0, 14.2 Hz, 
CHCHHCH); lie (100 MHz; CDCb) 169.3, 169.1 ~02CH3), 106.6 (CH2CHCH), 105.6 
(CH2CHCH), 96.0 (CH2CHCHCH), 89.0 (CHCH&H), 65.5 (CH2CHCH), 53.2, 52.7 
(C02CH3), 52.1 ~HCH2CH), 34.9 (CHCH2CH). 
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The instability of the complex meant that it was not possible to obtain any mass spec data 
for the title compound. 
Iron tricarbonyI2-(2-methoxy-hexa-3,S-dienyn-malonic acid dimethyl ester f2l1) 
M ~/C02Me 
'I ~e(~~oMe '"<\..co2Me 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.100 g, 0.29 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in MeOH (5 mL). ZnBr2 (0.193 g, 0.86 mmol) was added and the reaction 
mixture stirred for 2.0 h at room temperature. The resulting mixture was concentrated in 
vacuo and the oil purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (2: I v/v) to yield the title complex as a single diastereoisomer, as an yellow-orange oil 
(0.075 g, 69 %); 
Vmax (neat film)/cm· 1 2954 (spJ C-H), 2047, 1972 (M-CO), 1754, 1737, 1732 (C=O); OH 
(400 MHz; CDCh) 5.29 (IH, dd, J 4.8, 8.3 Hz, CH2CHC!:!), 5.18-5.24 OH, m, 
CH2CHCH), 3.66 (3H, s, (C02Ctb)z), 3.65 (3H, s, (C02C!:D)z), 3.57 (lH, dd, J 5.0, 9.4 
Hz, CH(C02CHJ)z), 3.24 (3H, s, CH(OCtb)), 2.89-2.94 (lH, m, CH(OCHJ)), 2.27 (IH, 
ddd, J 3.3, 9.4, 14.5 Hz, CH(OCHJ)CHHCH), 2.10 (lH, ddd, J 5.1, 9.4, 14.5 Hz, 
CH(OCHJ)CHHCH), 1.74-1.76 (lH, m, CHHCHCH), 0.67 OH, t, J 8.3 Hz, 
CH2CHCHC!:!), 0.31 (I H, dd, J 1.9, 9.3 Hz, CHHCHCH); oe (100 MHz; CDCh) 169.9, 
169.6 ~02CHJ), 86.8 (CH2CHCH), 82.1 (CH2CHCH), 80.5 ~H(OCHJ)), 61.4 
(CH2CHCHCH), 56.3 (CH(OCHJ)), 52.6, 52.5 (C02CHJ), 48.3 ~H(C02CHJ)2)' 40.7 
~H2CHCH), 35.8 (CH(OCHJ)CH2). 
Mass ion not observed. 
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----_. -
2-(2-Methoxy-hexa-3,5-dienyl)-malonic acid dimethyl ester (212) 
~C02Me 
OMe C02Me 
A RBF was charged with iron tricarbonyl 2-(2-methoxy-hexa-3,5-dienyl)-malonic acid 
dimethyl ester (0.065 g, 0.02 mmol) in acetone (3 mL). Ceric ammonium nitrate (0.280 g, 
0.51 mmol) in methanol (3 mL) was added and the reaction mixture stirred for 10 min. at 
room temperature. The reaction was then quenched with water (3 mL) and extracted using 
ether (3 x 5 mL). The organic layers were then combined and washed with brine (2 x 5 
mL), dried over MgS04 and concentrated in vacuo. The resultant oily residue was then 
purified by flash silica chromatography eluting in petroleum ether-diethyl ether (3: I v/v) to 
yield the single title complex diastereoisomer as a colourless oil (0.034 g, 82 %); C12 H1SOS, 
HRMS [EI](M), required 242.1154, found 242.1151; V max (neat film)/cm·1 2953,2823 (Spl 
C-H), 1754, 1737, 1731 (C=O); OH (400 MHz; CDCI1) 6.22-6.31 (I H, m, CH2CHCH), 6.14 
(I H, dd, J 7.6, 15.2 Hz, CH2CHC!::D, 5.44 (I H, dd, J 7.6, 15.2 Hz, CH2CHCHC!::D, 5.17 
(I H, dd, J 1.5, 16.7 Hz, CHHCHCH), 5.06 (I H, dd, J 1.5, 10.0 Hz, CHHCHCH), 3.66 (3H, 
s, (C02C!:h)2), 3.64 (3H, s, (C02C!:h)2), 3.50-3.58 (2H, m, CH(OCH1) and CH(C02CH1)2), 
3.16 (3H, s, CH(OC!:h», 2.06-2.09 (2H, m, CH(OCH1)Cth); oe (100 MHz; CDCb) 169.9, 
169.8 (!;;.02CH1), 136.0 (CH&HCH), 133.7 (CH2CHCH), 132.8 (CH2CHCHCH), 118.1 
(!;;.H2CHCH), 79.4 ~H(OCH1»' 56.4 (CH(OCH1», 52.7, 52.5 (C02CH1), 48.3 
~H(C02CHll2), 34.5 (CH(OCH1)CH2); m/z 242 (M+, 21 %), 110 (lOO %), 97 (94 %), 79 
(39 %). 
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Allyl-benzylidene-amine (213)\37 
Allyl amine (0.500 g, 8.77 mmol) was added to a dry RBF containing4A mol sieves (10.00 
g), and dissolved in diethyl ether (30 mL). Benzaldehyde (0.930 g, 8.77 mmol) was added 
and the reaction stirred at ambient temperature for 18.0 h. The mixture was then filtered 
through a plug of celite and concentrated in vacuo to yield the title compound as a 
colourless oil (1.056 g, 83 %); CIOH"N, HRMS [EI](M+), required 145.0891, found 
145.0890; Vmax (neat film)/cm-' 3080,3061,3025 (spJ C-H); 1647 (C=N); OH (400 MHz; 
CDCb) 8.22 (I H, s, NCID, 7.66-7.69 (2H, m, ArID, 7.32-7.36 (3H, m, ArID, 5.95-6.05 
(lH, m, CH2CHCH2), 5.13 (2H, ddq, J 1.8, 17.2 Hz, ClliCHCH2), 4.17-4.20 (2H, m, 
CH2CHClli); oe (100 MHz; CDCb) 162.1 (NCH), 136.1 (Ar£), 135.9 (CH2CHCH2), 130.8 
(ArCH), 128.6, 128.2 (2C, ArCH), 116.1 (hH2CHCH2), 63.6 (CH2CH~H2); mlz 145 (M+, 
47 %),144 (lOO %),117 (40 %), 91 (35 %). 
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Iron tricarbonyll-allyl-5-buta-l,3-dienyl-2-phenyl-pyrrolidine-3,3-dicarboxylic acid 
dimethyl ester (214) 
fl ~ 
CO2 Me 
r--.J--C02Me 
Fe(CO), N ( 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.060 g, 0.17 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Allyl-benzylidene-amine (0.037 g, 0.26 mmol) and ZnBr2 
(0.116 g, 0.51 mmol) were added and the .reaction mixture stirred for 2.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (3: I v/v) to yield the single title complex diastereoisomer as a 
yellow-orange oil (0.033 g, 39 %); C24H25N07Fe, HRMS [FAB](M+), required 495.0981, 
found 495.0975; Vrnax (neat film)/cm" 2953 (Sp3 C-H), 2045, 1964 (M-CO), 1737, 1732 
(C=O); OH (400 MHz; CDCb) 7.25-7.29 (2H, m, ArC!!), 7.13-7.21 (3H, m, ArC!!), 5.68-
5.79 (lH, m, NCH2CHCH2), 5.16-5.23 (2H, m, CH2CHC!!), 5.01-5.06 (2H, m, 
NCH2CHC!h), 4.77 (IH, s, CH(ArNOz», 3.29 (lH, dd, J 7.6, 15.1 Hz, NCHHCHCH2), 
3.18 (I H, dd, J 6.1, 15.1 Hz, NCHHCHCH2), 3.66 (3H, 5, C02Clli), 3.01 (3H, s, C02Clli), 
2.76 (IH, dd, J 11.0, 13.0 Hz, CHCHHC), 2.45-2.51 (lH, m, CHCH2C), 2.24 (lH, dd, J 
5.4, 13.0 Hz, CHCHHC), 1.75-1.78 (lH, m, CHHCHCH), 0.91 (IH, t, J 9.4 Hz, 
CH2CHCHC!!) 0.45 (lH, dd, J 2.6,8.6 Hz, CHHCHCH); oe (100 MHz; CDCb) 171.9, 
169.1 (~.oZCH3), 134.5 (Arg, 133.6 (NCH2CHCH2), 128.7, 127.7 (2C, s, Arg, 127.7 
(ArCH), 118.0 (NCH2CHCH2) 88.1 (CHzCHCH), 82.3 (CH2CHCH), 70.8 (£H(Ar», 63.0 
(CH2CHCHCH), 63.9 (£HCH2C), 63.7 (CCC02CH3h), 53.0 (CO&H3), 52.0 
(NCH2CHCHz), 51.7 (C02CH3), 41.6 (CHCH2C), 40.7 (£H2CHCH); mlz 495 (M+, 4 %), 
411 (56 %),147 (37 %),73 (100 %). 
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Allyl-( 4-chlorobenzylidene)-amine (215) I 37 
Cl 
Allyl amine (0.500 g, 13.60 mmol) was added to a dry RBF containing 4..\ mol sieves 
(10.00 g), and dissolved in diethyl ether (30 mL). p-Chlorobenzaldehyde (1.38 g, 13.60 
. mmol) was added and the reaction stirred at ambient temperature for 18.0 h. The mixture 
was then filtered through a plug of celite and concentrated in vacuo to yield the title 
compound as an colourless oil (1.635 g, 76 %); Vmax (neat film)/cm- I 3079,3011,2980 (Sp3 
C-H); 1651, 1644 (C=N); OH (400 MHz; CDCb) 8.27 (I H, s, NCH), 7.71 (2H, d, J 8.5 Hz, 
ArCH), 7.41 (2H, d, J 8.5 Hz, ArCH), 6.03-6.13 (I H, m, CH2CHCH2), 5.22 (2H, dd, J 1.7, 
18.9 Hz, ClliCHCH2), 4.26-4.28 (2H, m, CH2CHClli); Oc (100 MHz; CDCI3) 160.7 
(NCH), 136.7 (ArC), 135.6 (CH2CHCH2), 134.6 (Ar£), 129.3, 128.9 (2C, s, ArCH), 116.3 
(.r.H2CHCH2), 63.5 (CH2CH~H2), 
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Iron tricarbonyI1-allyl-5-buta-1,3-dienyl-2-(4-chlorophenyl)-pyrrolidine-3,3-
dicarboxylic acid dimethyl ester (216) 
n~ 
C02Me 
r--4--C02Me 
Fe(COb N ( Cl 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-I, I -dicarboxylic acid dimethyl ester 
(0.100 g, 0.29 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Allyl-(4-chlorobenzylidene)-amine (0.050 g, 0.32 mmol) 
and ZnBr2 (0.193 g, 0.86 mmol) were added and the reaction mixture stirred· for '2.0,h at 
room temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (4: I v/v) to yield the single title complex diastereoisomer as a 
yellow-orange oil (0.050g, 34 %); C24H24CIN07Fe, HRMS [FAB]((M+H)"), required 
530.0669, found 530.0679; Vmax (neat film)/cm· 1 3008, 2985 (Sp3 C-H), 2046, 1973 (M-
CO), 1732 (C=O); bH (400 MHz; CDCIJ) 7.15-7.22 (4H, m, ArCH), 5.63-5.73 (IH, m, 
NCH2CHCH2), 5.16-5.24 (2H, m, CH2CHCH), 5.00-5.05 (2H, m, NCH2CHCHz), 4.73 (I H, 
s, CH(ArBr)), 3.67 (3H, s, C02Clli), 3.26 (I H, dd, J 7.4, 15.0 Hz, NCHHCHCH2), 3.16 
(I H, dd, J 6. I, 15.0 Hz, NCHHCHCH2), 3.08 (3H, s, C02Clli), 2.72 (I H, dd, J 10.9, 13.0 
Hz, CHCHHC), 2.43-2.49 (lH, m, CHCH2C), 2.24 (lH, dd, J 5.4, 13.0 Hz, CHCHHC), 
1.76-1.79 (IH, m, CHHCHCH), 0.90 (IH, t, J 8.5 Hz, CH2CHCHCH) 0.45 (I H, dd, J 2.3, 
8.6 Hz, CHHCHCH); be (100 MHz; CDCIJ) 170.7, 167.9 ~02CHJ), 137.3 (ArQ, 132.4 
(NCH2CHCH2), 132.3, 129.0 (2C, s, ArCH), 126.9 (ArQ, I 17.2 (NCH2CHCH2) 87.0 
(CH2CHCH), 8 1.3 (CH2CHCH), 69. I ~H(Ar)), 63.0 (~HCH2C), 62.6 ~(C02CHJ)z), 6 1.7 
(CH2CHCH~H), 51.2, 51.1 (CO&H3), 50.7 (NCH2CHCH2), 40.5 (CHCH2C), 39.7 
~H2CHCH); mlz 530 (M., 9 %), 445 (100%). 
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Allyl-(4-bromobenzylidene)-amine (217)137 
Br 
Allyl amine (0.500 g, 13.60 mmol) was added to a dry RBF containing 4A mol sieves 
(10.00 g), and dissolved in diethyl ether (30 mL). p-Bromobenzaldehyde (1.380 g, 13.60 
mmol) was added and the reaction stirred at ambient temperature for 18.0·h. The mixture 
was then filtered through a plug of celite and concentrated in vacuo to yield the title 
compound as a colourless oil (1.631 g, 76 %); CIOHIOBrN, HRMS [EI](M), required 
223.9997, found 223.9995; Vmax (neat film)/cm- I 3079,3011,2980 (Sp3 C-H); 1651, 1644 
(C=N); OH (400 MHz; CDCI3) 8.27 (I H, s, NCH), 7.71 (2H, d, J 8.7 Hz, ArCH), 7.40 (2H, 
d, J 8.7 Hz, ArCH), 5.95-6.02 (I H, m, CH1CHCH1), 5.08-5.18 (2H, m, CfuCHCH1), 4.17-
4.19 (2H, m, CH2CHCfu); 0, (lOO MHz; CDCb) 160.8 (NCH), 135.6 (CH1CHCH2), 135.0 
(Arg, 131.9, 129.6 (2C, s, ArCH), 125.1 (Arg, 116.3 ~H2CHCH1)' 63.5 (CH1CHCH2); 
m/z 224 (M+, 100%),223 (48 %), 222 (97 %),184 (24 %),183 (ID %),182 (24 %),144 (45 
%). 
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Iron tricarbonyll-allyl-2-(4-bromo-phenyl)-S-bnta-I,3-dienyl-pyrrolidine-3,3-
dicarboxylic acid dimethyl ester (218) 
fl ~ 
C02Me 
r-4--C02Me 
Fe(COb N ( Br 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.070 g, 0.20 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Allyl-(4-bromobenzylidene)-amine (0.053 g, 0.24 mmol) 
and ZnBr2 (0.135 g, 0.60 mmol) were added and the reaction mixture stirred for 2.0 h at 
room temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (2: I v/v) to yield the single title complex diastereoisomer as 
an orange oil (0.042 g, 37 %); C24H24BrN07Fe, HRMS [FAB](M+), required 573.0086, 
found 573.0094; Vmax (neat film)/cm· 1 3002, 2952, 2843 (C-H sp3), 2045, 1964 (M-CO), 
1754,1737,1731 (C=O); OH (400 MHz; CDCiJ) 7.31 (2H, d,J8.5 Hz, ArCt!.), 7.15 (2H, d, 
J 8.4 Hz, ArCl::D, 5.63-5.73 (lH, m, NCH2CHCH2), 5.17-5.24 (2H, m, CH2CHCl::D, 5.01-
5.05 (2H, m, NCH2CHCt!2), 4.72 (lH, s, CH(ArBr», 3.66 (3H, s, C02Clli), 3.25 (IH, dd, 
J 7.2, 14.9 Hz, NCHHCHCH2), 3.16 (I H, dd, J 5.9, 14.9 Hz, NCHHCHCH2), 3.01 (3H, s, 
C02Clli), 2.72 (I H, dd, J 11.0, 13.0 Hz, CHCHHC), 2.43-2.49 (I H, m, CHCH2C), 2.24 
(I H, dd, J 5.4, 13.0 Hz, CHCHHC), 1.76-1.79 (I H, m, CHHCHCH), 0.90 (I H, t, J 8.5 Hz, 
CH2CHCHCl::D 0.45 (IH, dd, J 2.2, 8.6 Hz, CHHCHCH); Oc (lOO MHz; CDCh) 171.7, 
168.9 (£02CH3), 138.9 (Arg, 133.4 (NCH2CHCH2), 130.8, 130.4 (2C, s, ArCH), 121.5 
(Arg, 118.3 (NCH2CHCH2) 88.0 (CH2CHCH), 82.4 (CH2CHCH), 70.2 (£H(Ar», 64.0 
(£(C02CH3)2), 63.6 (CHCH2C), 62.7 (CH2CHCHCH), 53.0, 52.2 (C02CH3), 51.8 
(NCH2CHCH2), 41.5 (CHCH2C), 40.8 (£H2CHCH); mlz 573 (M+, 12 %), 489 (lOO %). 
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Iron tricarbonyll-allyl-5-buta-l,3-dienyl-2-(4-nitrophenyn-pyrrolidine-3,3-
dicarboxylic acid dimethyl ester (219) 
7'1 ~ 
C02Me 
r---I-- C02Me 
Fe(COh N ( N02 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.110 g, 0.32 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (8 mL). Allyl-(4-nitrobenzylidene)-amine (0.091 g, 0.48 mmol) and 
ZnBr2 (0.218 g, 0.97 mmol) were added and the reaction mixture stirred for 2.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (5: I v/v) to yield a single title complex diastereoisomer as a 
yellow-orange oil (0.071 g, 41 %); C24H24N209Fe, HRMS [FAB]((M+H)), required 
541.0909, found 541.0899; Vmax (neat film)/cm· 1 3005,2954,2847 (Sp3 C-H), 2046, 1965 
(M-CO), 1741, 1737, 1732 (C=O), 1348, 1519, 1524 (N02); liH (400 MHz; CDCh) 8.05 
(2H, d, J 8.7 Hz, ArCH), 7.46 (2H, d, J 8.7 Hz, ArCH), 5.57-5.67 (lH, m, NCH2CHCH2), 
5.17-5.26 (2H, m, CH2CHCH), 4.92-5.05 (2H, m, NCH2CHCfu), 4.87 (I H, s, 
CH(ArN02», 3.69 (3H, s, C02Clli), 3.17-3.29 (2H, m, NCfuCHCH2), 3.08 (3H, s, 
C02Clli), 2.73 (IH, dd, J 11.2, 13.0 Hz, CHCHHC), 2.45-2.57 (lH, m, CHCH2C), 2.30 
(lH, dd, J 5.4, 13.0 Hz, CHCHHC), 1.79-1.81 (I H, m, CHHCHCH), 0.90 (IH, t, J 8.8 Hz, 
CH2CHCHCH), 0.47 (lH, dd, J 2.3, 9.2 Hz, CHHCHCH); Ii, (100 MHz; CDCh) 171.4, 
168.5 ~02CH3), 147.9, 147.4 (ArQ, 133.3 (NCH2CHCH2), 129.6, 122.9 (2C, s, ArCH), 
118.6 (NCH2CHCH2), 87.9 (CH2CHCH), 82.5 (CH2CHCH), 70.2 (~H(ArN02»' 64.4 
(NCHCH2C), 63.9 (CCC02CH3)z), 62.2 (CH2CHCHCH), 53.2 (2C, s, C02CH3), 52.3 
(NCH2CHCH2), 41.5 (CHCH2C), 40.9 (CH2CHCH); m/z 541 ((M+Ht, 17 %), 456 (100 
%),283 (56 %). 
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Allyl-isobutylidene-amine (220) 
y 
N ( 
Allyl amine (0.600 g, 10.56 mmol) was added to a dry RBF containing 4A mol sieves 
(10.00 g), and dissolved in diethyl ether (30 mL). Isobutyraldehyde (0.758 g, 10.56 mmol) 
was added and the reaction stirred at ambient temperature for 18.0 h. The mixture was then 
filtered through a plug of celite and concentrated in vacuo to yield the title compound as an 
colourless oil (0.914 g, 78 %); Vmax (neat film)/cm·! 2963,2873 (spJ C-H); OH (400 MHz; 
CDCb) 7.48 (IH, dt, J 1.3, 4.9 Hz, NCH), 5.85-5.93 (lH, m, CH2CHCH2), 5.01-5.09 (2H, 
m, ClliCHCH2), 3.91-3.93 (2H, m, CH2CHClli), 2.35 (I H, m, ~H(CHJh)), 1.02 (6H, d, J 
6.9 Hz, (CH(CHJ)2); oe (100 MHz; CDCIJ), 171.0 (NCH), 136.1 (NCH2CHCH2), 115.5 
(NCH2CHCH2), 63.2 (NCH2CHCH2), 34.1 ~H(CHJ)2)' 19.3 (2C, s, CH~H3)2), 
Iron tricarbonyl l-allyl-5-buta-l ,3-dienyl-2-isopropyl-pyrrolidine-3,3-dicarboxylic 
acid dimethyl ester (221) 
fl ~ 
C02Me 
r---'+--C02Me 
Fe(CO), N ( 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.100 g, 0.29 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Allyl-isobutylidene-amine (0.048 g, 0.43 mmol) and ZnBr2 
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(0.193 g, 0.86 mmol) were added and the reaction mixture stirred for 2.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (4: I v/v) to yield the single title complex diastereoisomer as a 
yellow-orange oil (0.007 g, 5 %); C2IH27N07Fe, HRMS [FAB](M+), required 462.1215, 
found 462.1226; Vmax (neat film)/cm·' 3005, 2944, 2854 (C-H Sp3), 2046, 1965 (M-CO), 
1738, 1732 (C=O); OH (400 MHz; CDCh) 5.75-5.92 (I H, m, NCH2CHCH2), 5.07-5.14 (2H, 
m, CH2CHCH), 5.01-5.06 (2H, m, NCH2CHCfu), 4.61 (IH, s, CH(CH(CH3)2)), 3.69 (3H, 
s, C02C!h), 3.64 (3H, s, C02C!h), 3.28 (2H, d, J 6.6 Hz, NCfuCHCH2), 2.94-3.01 (lH, 
m, CHCH2C), 2.19-2.38 (lH, m, CHCfuc), 1.69-1.71 (lH, m, CHHCHCH), 1.54-2.24 
(lH, m, CH(CH3)2), 0.85 (6H, d, J 6.8 Hz, CH(C!h)z), 0.77-0.82 (lH, m, CH2CHCHCH) 
0.34-0.37 (IH, m, CHHCHCH); Oc (100 MHz; CDCh) 170.8, 168.8 C1:.02CH3), 136.3 
(NCH2CHCH2), 115.2 (NCH2CHCH2) 87.4 (CH2CHCH), 80.6 (CH2CHCH), 76.2 
C1:.H(CH3)z), 63.9 (CH2CHCHCH), 63.2 C1:.HCH2C), 62.3 ~(C02CH3)z), 57.7 
(NCH2CHCH2), 51.9, 51.4 (C02CH3), 39.5 (CHCH2C), 38.9 (CH2CHCH), 21.1, 20.9 
(CH(C!hh), 16.5 (CH(CH3)2); mlz 462 (M+, 3 %),405 (3 %), 377 (64 %), 278 (100 %). 
(4-Methoxy-phenylimino)-acetic acid ethyl ester (222)137 
C02Et ) 
N 
9 
OMe 
p-Anisidine (0.500 g, 4.07 mmol) was added to a dry RBF containing 4..\ mol sieves (10.00 
g), and dissolved in diethyl ether (30 mL). Ethyl glyoxylate (0.415 g, 4.07 mmol, 50% 
solution in toluene) was added and the reaction stirred at ambient temperature for 18.0 h. 
The mixture was then filtered through a plug of celite and concentrated in vacuo to yield 
192 
the title compound as a brown oil (0.707 g, 84 %); V max (neat film)/cm·' 2980,2937,2905, 
2838 (spJ C-H); 1624, 1591 (C=N), 1753, 1745, 1736, 1731 (C=O); OH (400 MHz; CDCh) 
7.95 (lH, s, NC!:!.), 7.36-7.40 (2H, m, Ar!:!.), 6.93-6.97 (2H, m, Ar!:!.), 4.43 (2H, q, J7.1 Hz, 
C02CfuCHJ), 3.85 (3H, s, OClli), 1.42 (3H, t, J 7.1 Hz, C02CH2Clli); Oc (lOO MHz; 
CDCh) 163.6 (£02CH2CHJ), 160.5 (Arg, 148.0 (NCH), 141.3 (Arg, 123.7 (2C, s, 
ArCH), 114.5 (2C, s, ArCH), 61.9 (C02CH2CHJ), 55.5 (OCHJ), 14.2 (C02CH2CHJ). 
Iron tricarbonyl 5-buta-l,3-dienyl-l-( 4-methoxy-phenyl}-pyrrolidine-2,3,3-
tricarboxylic acid 2-ethyl ester 3,3-dimethyl ester (223) 
C02Me ~C02Me 
Fe(CO), N C02E! 
9 
OMe 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.100 g, 0.29 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). (4-Methoxy-phenylimino)-acetic acid ethyl ester (0.089 g, 
0.43 mmol) and ZnBr2 (0.193 g, 0.86 mmol) were added and the reaction mixture stirred for 
2.0 h at room temperature. The resulting mixture was filtered through a pad of celite and 
silica, then concentrated in vacuo, and the residue purified by flash silica chromatography 
eluting in petroleum ether-diethyl ether (2:1 v/v) to yield the single title complex 
diastereoisomer as a yellow oil (0.025 g, 16 %); C2sH27NO,oFe, HRMS [EI](M"), required 
557.0984, found 557.0989; Vmax (neat film)/cm·' 2956 (spJC-H), 2047,1970 (M-CO), 1740 
(C=O); OH (400 MHz; CDCh) 6.89 (2H, d, J 8.0 Hz, Ar!:!.), 6.58 (2H, d, J 8.0 Hz, Ar!:!.), 
5.46-5.49 (1 H, m, CH2CHCH), 5.35-5.40 (I H, rn, CH2CHC!:!.), 5.11 (l H, s, 
CH(C02CH2CHJ), 4.19-4.34 (3H, m, C02CfuCHJ and CHCH2C), 3.89 (3H, s, C02Clli), 
3.84 (3H, s, OClli), 3.82 (3H, s, C02Clli), 2.64-2.90 (2H, m, CHCfuC), 1.90-1.98 (lH, m, 
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(CHHCHCH), 1.34 (3H, t, J 6.0 Hz, C02CH2C!:h), 1.21 (I H, t, J 8.0 Hz, CH2CHCHC.!:!), 
0.65 (lH, d, J 12.0 Hz, CHHCHCH); Oe (100 MHz; CDCI3) 169.3, 167.7 (£02CH3), 167.7 
(£02CH2CH3), 115.4, 114.4 (2C, s, Arg, 87.5 (CH2CHCH), 81.5 (CH&HCH), 83.9 
(£H(C02CH2CH3)), 64.6 (£HCH2C), 61.6 (C02CH2CH3), 59.4 (OCH3), 55.6 
(CH2CHCHCH), 53.6, 53.2 (C02CH3), 53.1 (£(C02CH3)2), 41.2 (CHCH2C), 40.4 
(£H2CHCH), 14.1 (C02CH2CH3); mlz 557 (M+, 6 %), 473 (100 %),368 (92 %), 289 (41 
%). Quaternary aromatic carbons not visible therefore not assigned. 
Allyl-(2,4-dimethoxybenzylidene)amine (224(a» 
OMe 
MeO 
Allyl amine (0.600g, 10.53 mmol) was added to a dry RBF containing 4"\ mol sieves 
(10.00 g), and dissolved in diethyl ether (30 mL). 2, 4-Dimethoxybenzaldehyde (1.747 g, 
10.53 mmol) was added and the reaction stirred at ambient temperature for 18.0 h. the 
mixture was then filtered through a plug of celite and concentrated in vacuo to yield the 
title compound as an colourless oil (1.877g, 87 %); Vmax (neat film)!cm· 1 3076,3006,2889, 
2836 (Sp3 C-H); 1651, 1643 (C=N); OH (250MHz; CDCI3) 8.62 (I H, s, NC.!:!), 7.93 (I H, d, J 
8.6 Hz, ArC.!:!), 6.52 (lH, dd, J 2.4,8.6 Hz, ArC.!:!), 6.43 (IH, d, J 2.4 Hz, ArC.!:!), 5.98-
6.14 (IH, m, CH2CHCH2N), 5.09-5.26 (2H, m, ClliCHCH2N), 4.20-4.24 (2H, m, 
CH2CHClliN), 3.84 (3H, s, OCH3), 3.82 (3H, s, OCH3); oe (lOOMHz; CDCI3) 163.1 (Arg, 
160.1 (Arg, 157.5 (NCH), 136.5 (CH2CHCH2), 128.5 (ArCH), 117.9 (Arg, 115.7 
(CH2CHCH2), 105.3 (ArCH), 98.0 (ArCH), 63.8 (CH2CHCH2), 55.6 (O~H3), 55.5 (OCH3). 
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Allylimino-acetic acid ethyl ester (224(b» 
C02Et ) 
N ( 
Allyl amine (0.500g, 8.77 mmol) was added to a dry RBF containing 4A mol sieves (10.00 
g), and dissolved in diethyl ether (30 mL). Ethyl glyoxylate (0.895 g, 8.77 mmol, 50% 
solution in toluene) was added and the reaction stirred at ambient temperature for 18.0 h. 
The mixture was then filtered through a plug of celite and concentrated in vacuo to yield 
the title compound as an orange oil (1.175 g, 95 %); Vmax (neat film)/~m-I 3081,2981,2094 
(Spl C-H); 1746, 1732 (C=O), 1651 (C=N); ()H (400 MHz; CDCh)7.65 (1 H, s, NCH.), 5.91-
6.00 (I H, m, CH2CHCH2), 5.13-5.17 (2H, m, ClliCHCH2), 4.28 (2H, dd, J 7.2, 14.3 Hz, 
C02C!::!2CH1), 4.22-4.25 (2H, m, CH2CHClli), 1.29 (3H, t, J7.2 Hz, C02CH2Ct!J); ()e (100 
MHz; CDC11) 170.5 (!;:.o2CH2CH1), 163.1 (NCH), 133.6 (CH2CHCH2), 118.0 
(£H2CHCH2), 63.2 (C02ClliCH1), 61.9 (CH2CHCH2), 14.2 (C02CH~Hl); 
Ethoxycarbony1methyldimethy1 sulfonium bromide (226)139 
e 
Br 
_~~OEt 
I 0 
To a stirred solution of dimethyl sulfide (2.87 mL, 39.34 mmol) and acetone (25 mL) was 
added ethyl bromoacetate (5.00 mL, 43.28 mmol). The reaction mixture was allowed to stir 
at room temperature for 16.0 h. The solvent was removed under reduced pressure to yield a 
colourless oil (4.390 g, 55 %); Vmax (neat film)/cm- I 2992 (Spl C-H), 1732 (C=O); ()H (250 
MHz; DMSO) 4.71 (2H, s, SClliC02CH2CH1), 4.26 (2H, q, J 7.2 Hz, C02ClliCH1), 3.01 
(6H, s, (Ct!J)2SCH2), 1.28 (3H, t, J7.2 Hz, (C02CH2Ct!J»; 
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2-Buta-l,3-dienyl-cyclopropanecarboxylic acid ethyl ester (227) 
~C02Et 
Allyl triphenyl phosphonium bromide (1.I9g, 3.10 mmol), ethoxycarbonylmethyldimethyl 
sulfonium bromide (0.610 g, 3.10 mmol), allyl alcohol (0.150 g, 2.58 mmol) and DBU 
(1.570 g, 60.30 mmol) were added to a flame-dried RBF under an atmosphere of nitrogen 
and dissolved in dry THF (20 mL). Dried manganese dioxide (1.130 g, 12.50 mmol) was 
then added to the solution, which was then heated to reflux. After I h, a second portion of 
dried manganese dioxide (1.130 g, 12.50 mmol) was added. The reaction was then refluxed 
for .16.0 h. the reaction mixture was allowed to cool and then filtered through a plug of 
celite, washing well with ether (30 mL). The combined organic washi~gs were then 
neutralised by the addition of aqueous sat. NH4CI solution (15 mL). The organic layer was 
then separated and the aqueous layer extracted with ether (3 x 15 mL). The combined 
organic layers were then dried over MgS04 and concentrated in vacuo. The product was 
purified by flash silica chromatography eluting in petroleum ether-diethyl ether (2: I v/v) to 
yield the two inseparable title compound stereoisomers as a colourless oil (0.07g, 17 %, 3: I 
E/Z); C IOHI40 2, HRMS [EI](Ml, required 166.0994, found 166.0997; Vmax (neat film)/cm-I 
2981, 2921, 2872 (spJ C-H), 1736, 1731 (C=O); Assigned from combined spectrum (i) 
Major diastereoisomer, E OH (400 MHz; CDCb) 6.10-6.24 (2H, m, CH2CHC!::D, 4.89-5.23 
(3H, m, ClliCHCHC!::D, 4.04-4. ID (2H, m, (C02ClliCHJ), 1.92-1.99 (l H, m, CHCH2CH), 
1.57-1.63 (I H, m, CH(C02CH2CHJ)), 1.33-1.41 (l H, m, CHCHHCH), l.l8-1.25 (3H, m, 
C02CH2Clli)), 0.90-0.96 (l H, m, CHCHHCH); Oc (lOO MHz; CDCb) 173.3 
(!;;.02CH2CHJ), 136.3 (CH2CHCH), 134.1 (CH2CHCHCH), 131.3 (CH2CHCH), 115.8 
(!;;.H2CHCH), 60.6 (C02CH2CHJ), 25.0 (!;;.HCH2CH), 22.3 (!;;.H(C02CH2CHJ)), 15.9 
(CHCH2CH), 14.2 (C02CH2CHJ); (ii) Minor diastereoisomer, Z OH (400 MHz; CDCIJ) 
6.65-6.86 (IH, m, CH2CHCH), 5.94-5.99 (lH, m, CH2CHC!::D, 4.89-5.23 (2H, m, 
ClliCHCH), 4.76 (l H, t, J 10.6 Hz, CH2CHCHC!::D, 4.14 (2H, q, J 7.1, 14.3 Hz, 
CH(C02ClliCHJ)), 2.23-2.30 (IH, m, CH(C02CH2CHJ)), 1.92-1.99 (lH, m, CHCH2CH), 
1.33-1.41 (IH, m, CHCHHCH), 1.18-1.25 (3H, m, C02CH2Clli), 0.90-0.96 (lH, m, 
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CHCHHCH); 8c (100 MHz; CDCI3) 173.3 (i:.02CH 2CH3), 132.1 (CH&HCH), 132.0 
(CH2CHCHCH), 130.1 (CH2CHCH), 118.0 (£H2CHCH), 60.7 (C02CH2CH3), 25.0 
(£HCH2CH), 21.4 (£H(C02CH2CH3)), 16.4 (CHCH2CH), 14.2 (C02CH&H3); mlz 166 
(M+, 17 %), 131 (44 %), 93 (87 %), 91 (100 %), 77 (86 %). 
Iron tricarbonyI2-buta-l,3-dienyl-cyclopropanecarboxvlic acid ethyl ester (225) 
~C02Et 
Fe(CO), 
Diiron nonacarbonyl (0.240 g, 0.67 mmol) and 2-buta-I,3-dienyl-cyclopropanecarboxylic 
acid ethyl ester (0.112 g, 0.67 mmol) were heated under reflux in THF (40 mL) for 3.0 h. 
The solution was then filtered through a plug of celite and silica. The solution was reduced 
in vacuo to leave an oily residue. The product was purified by flash silica chromatography 
eluting in petroleum ether-diethyl ether (2: I v/v) to yield the title complex as a mixture of 
inseparable diasteroisomers as a yellow-orange oil ( 0.091 g, 45 %, 1.5:1 d.r.); Vmax (neat 
film)/cm- I 2980,2961,2928,2872 (Sp3 C-H), 2045, 1971 (M-CO), 1724 (C=O); Assigned 
from combined spectrum (i) Major diastereoisomer 8H (400 MHz; CDCI3) 5.24-5.32 (I H, 
m, CH2CHCt!), 5.10-5.21 (I H, m, CH2CHCH), 3.98-4.16 (2H, m, C02C!::hCH3), 1.54-1.65 
(2H, m, CHHCHCH and CHCH2CH.), 1.32-1.46 (2H, m, CHCHHCH), 1.19 (3H, t, J 7.2 
Hz, C02CH2CH3), 0.81-0.87 (IH, m, CHCHHCH), 0.71 (lH, t, J 8.4 Hz, CH2CHCHCt!), 
0.13-0.15 (I H, m, CHHCHCH); 8c (100 MHz; CDCh) 173.1 (i:.02CH2CH3), 86.2 
(CH&HCH), 81.1 (CH2CHCH), 64.5 (CH2CHCHCH), 60.9 (C02CH2CH3), 39.5 
(i:.H2CHCH), 26.5 (£HCH2CH), 24.8 (£H(C02CH2CH3)), 17.4 (CHCH2CH), 14.3 
(C02CH2CH3); (ii) Minor diastereoisomer 8H (400 MHz; CDCh) 5.24-5.32 (lH, m, 
CH2CHCt!), 4.56-5.40 (lH, m, CH2CHCH), 3.98-4.16 (2H, m, C02C!::hCH3), 1.89 (I H, 
ddd, J2.6, 7.6,15.6 Hz, CHHCHCH), 1.69-1.74 (lH, m, CHHCHCH), 1.54-1.65 (IH, m, 
CHCH2CH.), 1.32-1.46 (2H, m, CHHCHCH and CHCH2CH), 1.19 (3H, t, J 7.2 Hz, 
C02CH&H3), 0.95-0.99 (IH, m, CHCHHCH), 0.51 (IH, t, J 8.4 Hz, CH2CHCHCt!); 8c 
(lOO MHz; CDCI3) 172.6 (£02CH2CH3), 90.9 (CH2CHCH), 86.0 (CH2CHCH), 65.0 
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(CH2CHCH~H), 60.6 (CO~H2CH3), 41.1 ~H2CHCH), 26.9 ~HCH2CH), 25.4 
~H(C02CH2CH3», 19.1 (CHCH2CH), 14.3 «C02CH~H3). 
S-Buta-l,3-dienyl-tetrahydrofuran-2.3,3-tricarboXYlic acid 2-ethyl ester 3,3-dimethyl 
ester (229) 
G02Me ~G02Me 
o G02E! 
2-Buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.150 g, 0.71 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). Ethyl glyoxylate (0.109 g, 1.07 mmol, 50% in toluene) and ZnBr2 (0.643 g, 
2.86 mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (2: I v/v) to yield the inseparable title compound diastereoisomers as a colourless oil 
(0.145 g, 65 %, I: I d.r.); ClsH2007, HRMS [EI](Ml, required 312.1209, found 312.1211; 
V max (neat film)/cm· 1 2958 (Sp3 C-H), 1738, 1698 (C=O); Assigned from combined 
spectrum (ii) I SI diastereoisomer, cis OH (400 MHz; CDCh) 6.16-6.30 (2H, m, CH2CHCH), 
5.57 (IH, dd, J 7.0, 14.2 Hz, CH2CHCHCH), 5.15-5.19 (IH, m, CHHCHCH), 5.05-5.08 
(lH, m, CHHCHCH), 4.93 (lH, s, CH(C02CH2CH3», 4.85 (lH, q, J 7.0 Hz, CHCH2C), 
4.07-4.18 (2H, m, C02ClliCH3), 3.68 (3H, s, C02Ct!J), 3.66 (3H, s, C02Ct!J), 2.90 (I H, 
dd, J 7.5, 13.1 Hz, CHCHHC), 2.27 (I H, dd, J7.0, 13.1 Hz, CHCHHC), 1.22 (3H, t, J 7.1 
Hz, C02CH2Ct!J); Oc (100 MHz; CDCh) 135.9 (CH2CHCH), 133.0 (CH2CHCH), 131.9 
(CH2CHCH~H), IIS.7 ~H2CHCH), S1.3 ~H(C02CH2CH3», SO.I ~HCH2C), 61.6 
(C02CH2CH3), 53.6, 53.5 (C02CH3), 40.0 (CHCH2C), 14.1 (C02CH2CH3). Quaternary 
carbons not visible therefore not assigned. (ii) 2nd diastereoisomer, trans OH (400 MHz; 
CDCI3) 6.16-6.30 (2H, m, CH2CHCH), 5.76 (lH, dd, J7.S, 14.S Hz, CH2CHCHCH), 5.15-
5.19 (IH, m, CHHCHCH), 5.11 (lH, s, CH(C02CH2CH3», 5.05-5.0S (lH, m, 
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CHHCHCH), 4.43-4.49 (1 H, m, CHCH2C), 4.07-4.18 (2H, m, C02CfuCH3), 3.77 (3H, s, 
C02C!:h), 3.72 (3H, s, C02C!:h), 2.64 (IH, dd, J 6.2,13.0 Hz, CHCHHC), 2.54 (lH, dd, J 
9.8, 13.0 Hz, CHCHHC), 1.22 (3H, t, J 7.1 Hz, C02CH2C!:h); Oc (100 MHz; CDCI3) 135.9 
(CH2CHCH), 133.9 (CH2CHCH), 131.8 (CH2CHCHCH), 118.7 (£H2CHCH), 81.0 
(£H(C02CH2CH3)), 80.5 (£HCH2C), 61.5 (C02CH2CH3), 53.2, 53.2 (C02CH3), 39.4 
(CHCH2C), 14.1 (C02CH2CH3). Quaternary carbons not visible therefore not assigned; mlz 
312 (M+, 17 %), 253 (13 %), 147 (63 %), 79 (100 %). 
5-Buta-l,3-dienyl-tetrahydroCuran-2,3,3-tricarboxylic acid 2-ethyl ester 3,3-dimethyl 
ester (229) 
c02Me ~C02Me 
o CO2 Et 
A RBF was charged with iron tricarbonyl 5-buta-I,3-dienyl-dihydro-furan-2,3,3-
tricarboxylic acid 2-ethyl ester 3,3-dimethyl ester (0.021 g, 0.04 mmol) in acetone (10 mL). 
Ceric ammonium nitrate (0.310 g, 0.13 mmol) in methanol (2 mL) was added and the 
reaction mixture stirred for 10 min. at room temperature. The reaction was then quenched 
with water (2 mL) and extracted using ether (3 x 5 mL). The organic layers were then 
combined and washed with brine (2 x 5 mL), dried over MgS04 and concentrated in vacuo. 
The resultant oily residue was then purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (3: I v/v) to yield the two inseparable title compound 
diastereoisomers as a colourless oil (0.019 g, 39 %, 1:1 d.r.); Spectroscopic data were 
identical to those identical in the previous experiment. 
199 
5-Buta-l,3-d ieoy 1-2-(4-0 itropheoyll-tetrahyd rofu rao-3,3-diearboxy lie acid dimethyl 
ester (230) 
C02Me 
r--+--C02Me 
o 
2-Buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.250 g, 1.19 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). p-Nitrobenzaldehyde (0.272 g, 1.79 mmol) and ZnBr2 (1.070 g, 4.76 mmol) 
were added and the reaction mixture stirred for 8.0 h at room temperature. The resulting 
mixture was filtered through a pad of celite and silica, then concentrated in vacuo; and the 
residue purified by flash silica chromatography eluting in petroleum ether-diethyl ether (4: I 
v/v) to yield the two inseparable title compound diastereoisomers as a yellow-orange oil 
(0.227 g, 53 %, 5:1 d.r.); ClsHI9N07, HRMS [EI](M",), required 361.1162, found 363.1165; 
Vmax (neat film)/cm· 1 2954 (Sp3 C-H), 1737, 1731 (C=O), 1524.0, 1519, 1347 (N02); 
Assigned from combined spectrum (i) Major diastereoisomer, cis OH (400 MHz; CDCb) 
8.09-8.12 (2H, m, ArC!::!), 7.55-7.60 (2H, m, ArC!::!), 6.21-6.39 (2H, rn, CH2CHC!::!), 5.87 
(lH, dd, J 7.4, 14.2 Hz, CH2CHCHC!::!), 5.64 (I H, s, CH(ArN02», 5.06-5.26 (2H, m, 
ClliCHCH), 4.41-4.47 (lH, m, CHCH2C), 3.76 (3H, s, C02Ct!J), 3.09 (3H, s, C02Ct!J), 
2.70 (IH, dd, J9.8, 13.5 Hz, CHCHHC), 2.50 (I H, dd, J 6.5, 13.5 Hz, CHCHHC); oe (lOO 
MHz; CDCb) 170.7, 168.6 u;;.02CH3), 147.7, 145.0 (Arg, 135.9 (CH2CHCH), 134.1 
(CH2CHCH), 130.7 (CH2CHCHCH), 127.9, 123.0 (2C, s, ArCH), 119.1 u;;.H2CHCH), 83.2 
u;;.H(ArN02», 79.0 u;;.HCH2C), 66.2 u;;.(C02CH3)1), 53.2, 52.4 (C02CH3), 40.7 
(CHCH2C); (ii) Minor diastereoisomer, trans Oil (400 MHz; CDCI3) 8.09-8.12 (2H, m, 
ArC!::!), 7.55-7.60 (2H, m, ArC!::!), 6.21-6.39 (2H, m, CH1CHC!::!), 5.76 (lH, s, 
CH(ArN01», 5.68 (I H, dd, J 7.4, 14.2 Hz, CH2CHCHC!::!), 5.06-5.26 (3H, m, CHCH1C 
and ClliCHCH), 3.72 (3H, s, C02Ct!J), 3.14 (3H, s, C01Ct!J), 2.94 (IH, dd, J 6.7, 13.2 
Hz, CHCHHC), 2.16 (lH, dd, J 8.0, 13.2 Hz, CHCHHC); oe (lOO MHz; CDCb) 169.9, 
168.6 u;;.02CH3), 147.7, 145.8 (Arg, 135.8 (CH1CHCH), 132.8 (CH2CHCH), 132.5 
200 
(CH2CHCHCH), 127.5, 123.0 (2C, s, ArCH), 118.7 ~H2CHCH), 82.5 ~H(ArN02))' 79.9 
~HCH2C)' 66.3 ~(C02CH3h), 53.1, 52.4 (CO&H3), 41.1 (CHCH2C); mlz 361 (M+, 3 %), 
205 (43 %),150 (39 %), 91 (lOO %), 79 (37 %), 59 (36 %). 
5-Buta-l,3-dienyl-2-(4-nitrophenyl)-tetrahydrofuran-3,3-dicarboxylic acid dimethyl 
ester (230) 
C02Me 
C02Me 
o 
A RBF was charged with iron tricarbonyl 5-buta-1 ,3-dienyl-2-( 4-nitro-phenyl)-dihydro-
furan-3,3-dicarboxylic acid dimethyl ester (0.040 g, 0.08 mmol) in acetone (3 mL). Ceric 
ammonium nitrate (0.131 g, 0.02 mmol) in methanol (2 mL) was added and the reaction 
mixture stirred for 10 min. The reaction was then quenched with water (2 mL) and 
extracted using ether (3 x 5 mL). The organic layers were then combined and washed with 
brine (2 x 5 mL), dried over MgS04 and concentrated in vacuo. The resultant oily residue 
was then purified by flash silica chromatography eluting in petroleum ether-diethyl ether 
(2: I v/v) to yield the title complex as two inseparable diastereoisomers as a brown oil. 
(0.006 g, 60 %, I: I d.r.); Spectroscopic data were identical to those identical in the previous 
experiment. 
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5-Buta-l,3-dienyl-2-methyl-tetrahydroruran-3,3-dicarboxyJic acid dimethyl ester 
(231) 
C02Me ~02Me 
o 
2-Buta-I,3-dienyl-cyclopropane-I,I-dicarboxylic acid dimethyl ester (0.200 g, 0.95 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). Acetaldehyde (0.083 g, 1.91 mmol) and ZnBr2 (0.857 g, 3.81 mmol) were 
added and the reaction mixture stirred for 8.0 h at room temperature. The resulting mixture 
was filtered through a pad of celite and silica, then concentrated in vacuo, and the residue 
purified by flash silica' chromatography eluting in petroleum ether-diethyl ether (4: I v/v) to 
yield the two inseperable title compound diastereoisomers as a colourless oil (0.091 g, 38 %, 
2.5: I d.r.); C13H1SOS, HRMS [EI](M'), required 254.1154, found 254.1158; V max (neat 
film)/cm- I 3086, 2981, 2954 (Sp3 C-H), 1754, 1742, 1738, 1732 (C=O); Assigned from 
combined spectrum (i) Major diastereoisomer, cis OH (400 MHz; CDCh) 6.13-6.32 (2H, m, 
CH2CHC1:!), 5.72 (IH, dd, J 7.0, 15.0 Hz, CH2CHCHC1:!), 5.13-5.19 (lH, m, CHHCHCH), 
5.02-5.07 (lH, m, CHHCHCH), 4.45 (IH, q, J 7.0 Hz, CH(CH3)), 4.25 (IH, q, J 7.0 Hz, 
CHCH2C), 3.71 (3H, s, C02Clli), 3.71 (3H, s, C02Clli), 2.48 (IH, dd, J 9.0, 13.5 Hz, 
CHCHHC), 2.40 (l H, dd, J 7.0, 13.5 Hz, CHCHHC), 1.21 (3H, s, CH(Clli)); Oc (100 MHz; 
CDCI3) 170.2, 169.7 ~02CH3), 136.1 (CH2CHCH), 133.5 (CH2CHCH), 132.3 
(CH2CHCHCH), 118.4 ~H2CHCH), 78.7 ~H(CH3)), 78.2 ~HCH2C)' 63.8 
~(C02CH3)2), 52.9, 52.6 (CO&H3), 40.3 (CHCH2C), 17.1 (CH(!;;,H3)) (ii) Minor 
diastereoisomer, trans OH (400 MHz; CDCh) 6.13-6.32 (2H, m, CH2CHC1:!), 5.61 (I H, dd, 
J 7.2, 14.9 Hz, CH2CHCHC1:!), 5.13-5.19 (IH, m, CHHCHCH), 5.02-5.07 (lH, m, 
CHHCHCH), 4.71 (IH, q, J 7.2 Hz, CHCH2C), 4.56 (lH, q, J 6.4 Hz, CH(CH3)), 3.70 
(3H, s, C02Clli), 3.69 (3H, s, C02Clli), 2.82 (lH, dd, J 7.2, 13.3 Hz, CHCHHC), 2.01 
(lH, dd, J 7.2, 10.4 Hz, CHCHHC), 1.20 (3H, s, CH(Clli)); Oc (lOO MHz; CDCI3) 170.9, 
169.9 (!;;,02CH3), 136.1 (CH2CHCH), 133.6 (CH2CHCHCH), 132.0 (CH2CHCH), 118.1 
(!;;,H2CHCH), 78.0 ~H(CH3)), 77.8 ~HCH2C), 63.5 ~(C02CH3)z), 52.8, 52.6 (C02CH3), 
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40.4 (CHCH2C), 16.9 (CH~H3)); m/z 254 (M+, 2 %), 213 (66 %), 153 (100 %), 121 (62 
%). 
5-Buta-l,3-dienyl-2-methyl-tetrahydroruran-3,3-dicarboxylic acid dimethyl ester 
(231) 
C02Me ~02Me 
o 
A RBF was charged with iron tricarbonyl 5-buta-I,3-dienyl-2-methyl-dihydro-furan-3,3-
dicarboxylic acid dimethyl ester (0.025 g, 0.06 mmol) in acetone (3 mL). Ceric ammonium 
nitrate (0.100 g, 0.19 mmol) in methanol (2 mL) was added and the reaction mixture stirred 
for 10 min at rt. The reaction was then quenched with water (2 mL) and extracted using 
ether (3 x 5 mL). The organic layers were then combined and washed with brine (2 x 5 
mL), dried over MgS04 and concentrated in vacuo. The resultant oily residue was then 
purified by flash silica chromatography eluting in petroleum ether-diethyl ether (5: I v/v) to 
yield the two inseparable title compound diastereoisomers as a colourless oil (0.013 g, 79 
%, I: I d.r.); Spectroscopic data were identical to those identical in the previous experiment. 
5-Buta-l ,3-d ieny 1-2-(4-methoxypheny 1)-tetrahyd rofu ran-3,3-dica rboxylic acid 
dimethyl ester (232) 
C02Me 
r--i---C02Me 
o 
OMe 
2-Buta-I,3-dienyl-cyclopropane-I,I-dicarboxylic acid dimethyl ester (0.200 g, 0.95 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
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DCM (5 mL). p-Anisaldehyde (0.194 g, 1.43 mmol) and ZnBr2 (0.643 g, 2.86 mmol) were 
added and the reaction mixture stirred for 8.0 h at room temperature. The resulting mixture 
was filtered through a pad of celite and silica, then concentrated in vacuo, and the residue 
purified by flash silica chromatography eluting in petroleum ether-diethyl ether (4: I v/v) to 
yield the two inseparable title compound diastereoisomers as a yellow-orange oil (0.118 g, 
35 %, 1.5: I d.r.); C'9H2206, LRMS [EI]((M+NH.t), required 364.1755, found 364.1756; 
V max (neat film)/cm" 3003, 2953, 2839 (Sp3 C-H), 1737, 1732 (C=O); Assigned from 
combined spectrum (i) Major diastereoisomer, cis OH (400 MHz; CDCh) 7.23-7.28 (2H, m, 
ArCH), 6.75-6.77 (2H, m, ArCH), 6.12-6.38 (2H, m, CH2CHCH), 5.86 (IH, dd, J 7.2, 14.4 
Hz, CH2CHCHCH), 5.55 (lH, s, CH(ArOCH3)), 5.03-5.23 (2H, m, ClliCHCH), 4.33-4.39 
(IH, m, CHCH2C), 3.73 (3H, s, C02Cfu), 3.65 (3H, s, OCfu), 3.16 (3H, s, C02Cfu), 2.69 
(l H, dd, J 10.2, 13.4 Hz, CHCHHC), 2.41 (l H, dd, J 6.1, 13.4 Hz, CHCHHC); Oc (lOO 
MHz; CDCh) 169.9, 169.1 (h02CH3), 159.4 (ArQ, 136.1 (CH&HCH), 133.6 
(CH2CHCH), 131.5 (CH2CHCHCH), 129.7 (ArQ, 128.2 (2C, s, ArCH), 118.2 
(hH2CHCH), 113.2 (2C, s, ArCH), 84.0 (hH(ArOCH3)), 78.4 (hHCH2C), 66.0 
(h(C02CH3H 55.2 (OCH3), 52.6, 52.3 (C02CH3), 40.5 (CHC.H2C); (ii) Minor 
diastereoisomer, trans OH (400 MHz; CDCI3) 7.23-7.28 (2H, m, ArCH.), 6.75-6.77 (2H, m, 
ArCH), 6.12-6.38 (2H, m, CH2CHC!:!.), 5.66 (lH, s, CH(ArOCH3)), 5.44 (lH, dd, J 7.7, 
15.2 Hz, CH2CHCHCH), 5.03-5.23 (3H, m, ClliCHCH and CHCH2C), 3.71 (3H, s, 
C02Cfu), 3.68 (3H, s, OCfu), 3.10 (3H, s, C02Cfu), 2.94 (IH, dd, J 7.0, 13.1 Hz, 
CHCHHC), 2.09-2.14 (lH, m, CHCHHC); Oc (lOO MHz; CDCI3) 171.3, 169.8 (h02CH3), 
159.3 (ArQ, 136.0 (CH&HCH), 133.7 (CH2CHCH), 132.8 (CH2CHCHCH), 130.1 (ArQ, 
127.8 (2C, s, ArCH), 118.5 (hH2CHCH), 113.2 (2C, s, ArCH), 83.2 (hH(ArOCH3)), 79.0 
(hHCH2C), 66.0 (h(C02CH3)2), 56.5 (OCH3), 52.6, 52.3 (C02CH3), 40.8 (CHCH2C); mlz 
364 ((M+NH./, 8 %). 
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5-Buta-l,3-dienyl-2-(3,4,5-trimethoxyphenyn-tetrahydrofuran-3,3-dicarboxylic acid 
dimethyl ester (233) 
C02Me 
r-+-C02Me 
o 
OMe 
OMe 
2-Buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.162 g, 0.77 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). 3,4,5 trimethoxybenzaldehyde (0.182 g, 0.93 mmol) and ZnBr2 (0.521 g, 
2.32 mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (I: I v/v) to yield the two inseparable title compound diastereoisomers as a yellow-
orange oil (0.140 g, 45 %, 3:1 d.r.); C21H260g, HRMS [EI](M"), required 406.1628, found 
406.1631; Vmax (neat film)/cm·1 2997, 2951, 2837 (Sp3 C-H), 1740, 1735, 1731, 1721 
(C=O); Assigned from combined spectrum (i) Major diastereoisomer, cis OH (400 MHz; 
CDCh) 6.57 (2H, s, ArCH), 6.20-6.37 (2H, m, CH2CHCH), 5.87 (I H, dd, J 6.8, 14.1 Hz, 
CH2CHCHCH), 5.50 (IH, s, CH(Ar(OCH3)3», 5.02-5.24 (2H, m, ClliCHCH), 4.38 (I H, 
dt, J 6.8, 10.2 Hz, CHCH2C), 3.76 (6H, s, OClli), 3.72 (3H, s, OClli), 3.72 (3H, s, 
C02Clli), 3.15 (3H, s, C02Clli), 2.68 (I H, dd, J 10.2, 13.4 Hz, CHCHHC), 2.42 (IH, dd, J 
6.3, 13.4 Hz, CHCHHC); oe (100 MHz; CDCI3) 171.0, 168.9 (h02CH3), 152.7, 137.6 
(Ar£), 136.0 (CH2CHCH), 133.6, 133.6 (Ar£), 133.5 (CH2CHCH), 131.4 (CH2CHCHCH), 
118.5 (hH2CHCH), 104.0 (2C, s, ArCH), 84.1 (hH(ArOCH3)3», 78.4 (hHCH2C), 66.0 
(h(C02CH3)z), 56.0 (3C, s, OCH3), 52.9, 52.4 (C02CH3), 40.3 (CHCH2C); (ii) Minor 
diastereoisomer, trans OH (400 MHz; CDCI3) 6.61 (2H, s, ArCt!), 6.20-6.37 (IH, m, 
CH2CHCH), 6.13 (lH, t, J 11.0 Hz, CH2CHCH), 5.65-5.70 (lH, rn, CH2CHCHCH), 5.60 
(I H, s, CH(Ar(OCH3h», 5.02-5.24 (2H, m, ClliCHCH), 5.02-5.09 (I H, m, CHCH2C), 
3.77 (6H, s, OClli), 3.72 (3H, s, OClli), 3.67 (3H, s, C02Clli), 3.18 (3H, s, C02Clli), 
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2.93 (IH, dd,17.0, 13.2 Hz, CHCHHC), 2.10 (lH, dd, J7.4, 13.2 Hz, CHCHHC); cSe (lOO 
MHz; CDCI)) 171.1, 169.1 (£02CH)), 152.7, 137.5 (Arg, 135.9 (CH2CHCH), 133.1, 
133.1 (Arg, 133.2 (CH2CHCHCH), 132.5 (CH2CHCH), 119.9 (£H2CHCH), 103.5 (2C, s, 
ArCH), 83.3 (£H(Ar(OCH))))), 74.0 (£HCH2C), 65.9 (£(C02CH)n), 60.7 (3C, s, OCH)), 
52.8,52.3 (C02CH)), 40.8 (CHCH2C); mlz (M+, 17 %), 196 (lOO %), 181 (21 %). 
l-Allyl-5-buta-l,3-dienyl-2-phenyl-pyrrolidine-3,3-dicarboxylic acid dimethyl ester 
(236) 
C02Me 
f ~ CO2 Me 
N ( 
2-Buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.100 g, 0.48 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). Allyl-benzylidene-amine (0.104 g, 0.71 mmol) and ZnBr2 (0.482 g, 2.14 
mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (3: I v/v) to yield the single title compound diastereoisomer as a colourless oil (0.068 
g, 40 %); C2IH2S04N, HRMS [FAB](Ml, required 355.1784, found 355.1788; V max (neat 
film)/cm· 1 1732 (C=O); cSH (400 MHz; CDCI)) 7.12-7.32 (5H, m, ArCH), 6.29-6.38 (IH, m, 
CH2CHCH), 6.15 (I H, dd, J 10.5, 15.2 Hz, CH2CHC.!:!.), 5.61-5.69 (2H, m, CH2CHCHCH 
and NCH2CHCH2), 4.85-5.15 (4H, m, C!:hCHCH and NCH2CHC!:h), 4.68 (IH, s, 
CH(Ar)), 3.69 (3H, s, C02Clli), 3.03-3.25 (3H, m, CHCH2C and NCH,CHCH2), 3.00 (3H, 
s, C02Clli), 2.63 (I H, dd, J 10.9, 13.3 Hz, CHCHHC), 2.18 (I H, dd, J 5.9, 13.3 Hz, 
CHCHHC); cSe (lOO MHz; CDCh) 172.1, 169.4 (£02CH)), 139.9 (Arg, 136.5 
(CH2CHCH), 135.2 (CH2CHCHCH), 133.4 (CH2CHCH), 133.4 (NCH&.HCH2), 128.8, 
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127.7 (2C, s, ArCH), 127.6 (ArCH), 117.9 (NCH2CHCH2), 117.0 (£H2CHCH), 69.9 
(£H(ArN02))' 64.2 (£(C02CH3)2), 62.9 (CHCH2C), 52.9 (C02CH3), 52.5 (NCH2CHCH2), 
52.0 (C02CH3), 39.1 (CHCH2C); mJz 355 (M., 51 %),354 (100 %), 314 (88 %),135 (41 
%),91 (47 %). 
l-Allyl-5-buta-l,3-dienyl-2-(4-nitro-phenyl}-pyrrolidine-3,3-dicarboxylic acid 
dimethyl ester (237) 
C02Me 
r--I--C02Me 
N ( 
2-Buta-I,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.200 g, 0.95 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). Allyl-(4-nitrobenzylidene)amine (0.271 g, 1.43 mmol) and ZnBr2 (0.643 g, 
2.86 mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (I: I v/v) to yield the single title compound diastereoisomer as a colourless oil (0.228 
g, 60 %); C2,H24N206, HRMS [EI](M"), required 400.1634, found 400.1636; V max (neat 
film)/cm-' 2924,2853 (Sp3 C-H), 1738, 1732 (C=O); 1347, 1519, 1524 (N02); OH (400 
MHz; CDCI3) 8.07 (2H, d, J 8.8 Hz, ArC.!:!), 7.51 (2H, d, J 8.8 Hz, ArC.!:!), 6.32 (I H, dd, J 
10.1,16.8 Hz, CH2CHCH), 6.15 (IH, dd, J 10.1,15.3 Hz, CH2CHCH), 5.51-5.65 (2H, m, 
CH1CHCHCH and NCH2CHCH2), 5.15 (IH, dd, J 1.4, 17.0 Hz, CHHCHCH), 5.05 (lH, 
dd, J lA, 10.0 Hz, CHHCHCHCH), 4.87-4.96 (2H, m, NCH2CHClli), 4.78 (IH, s, 
CH(ArN02)), 3.72 (3H, s, C02C!:b), 3.20-3.27 (IH, m, CHCH2C), 3.04-3.12 (2H, m, 
NClliCHCH2), 3.06 (3H, s, C02C!b), 2.61 (lH, dd, J 10.9, 1304 Hz, CHCHHC), 2.24 (IH, 
dd, J 5.8, 13.4 Hz, CHCHHC); 0, (100 MHz; CDCh) 171.6, 168.8 (£OlCH3), 147.4 (ArQ, 
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136.2 (CH2~HCH), 134.3 (CH2CHCHCH), 133.9 (CH2CHCH), 133.3 (NCH2CHCH2), 
129.7, 122.9 (2C, s, ArCH), 118.4 (NCH2CHCH2), 117.6 ~H2CHCH), 114.5 (Arg, 69.4 
~H(ArN02))' 64.4 ~(C02CH3)2), 63.3 ~HCH2C)' 53.2 (C02CH3), 53.1 (NCH2CHCH2), 
52.2 (CO&H3), 39.0 (CHCH2C); mlz 400 (M', 40 %),359 (100 %), 341 (46 %), 135 (54 
%),91 (48 %). 
l-Allyl-S-buta-l ,3-dienyl-2-( 4-chloro-ph eny l)-pyrrolidine-3,3-dicarboxylic acid 
dimethyl ester (238) 
C02Me 
t---I--C02Me 
N ( Cl 
2-Buta-1 ,3-dieny1-cyclopropane-l, 1-dicarboxylic acid dimethyl ester (0.150 g, 0.71 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). Allyl-(4-chlorobenzylidene)amine (0.192 g, 1.07 mmol) and ZnBr2 (0.482 g, 
2.14 mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (4: I v/v) to yield the single, title compound diastereoisomer as a colourless oil (0.113 
g, 42 %); C21H24CIN04, HRMS [FAB]«M+Ht), required 390.1472, found 390.1472; Vmax 
(neat film)/cm·1 1737, 1732 (C=O); liH (400 MHz; CDCh) 7.16-7.28 (4H, m, ArCH), 6.28-
6.37 (1 H, m, CH2CHCH), 6.15 (1 H, dd, J 10.5, 15.1 Hz, CH2CHCH), 5.56-5.66 (2H, m, 
CH2CHCHCH and NCH2CHCH2), 4.82-5.16 (4H, m, ClliCHCH and NCH2CHClli), 4.65 
(lH, s, CH(ArCI)), 3.70 (3H, s, C02Clli), 3.17-3.26 (lH, m, CHCH2C), 3.01-3.16 (2H, m, 
NClliCHCH2), 3.07 (3H, s, C02Clli), 2.59 (I H, dd, J 10.9, 13.3 Hz, CHCHHC), 2.18 (lH, 
dd,J5.9, 13.3 Hz, CHCHHC); Ii, (100 MHz; CDCI3) 171.9, 169.2 (~02CH3), 138.5 (Arg, 
136.4 (CH2~HCH), 134.9 (CH2CHCHCH), 133.5 (CH2CHCH), 133.3 (NCH2CHCH2), 
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130.1, 127.9 (2C, s, ArCH), 118.1 (NCH2CHCH2), 117.2 ~H2CHCH), 69.3 
~H(ArN02», 64.1 ~(C02CH1)2)' 62.9 (CHCH2C), 53.0 (C02CH1), 52.6 (NCH2CHCH2), 
52.1 (C02CH1), 39.0 (CHCH2C), Quarternary aromatic carbon not visible therefore not 
assigned; mlz 390 «M+Ht, 92 %),388 (lOO %), 330 (46 %). 
Allyl-(4-methoxybenzylidene)amine (239)117 
OMe 
Allyl amine (0.500 g, 8.77 mmol) was added to a dry RBF containing 4A mol sieves 
(10.000 g), and dissolved in diethyl ether (30 mL). p-Anisaldehyde (1.193 g, 8.77 mmol) 
was added and the reaction stirred at ambient temperature for 18.0 h. The mixture was then 
filtered through a plug of ce1ite and concentrated in vacuo to yield the title compound as an 
colourless oil (1.167 g, 76 %); C11 HI3NO, HRMS [EI](M\ required 175.0995, found 
175.0999; Vmax (neat film)/cm· 1 3075,3007,2958 (Spl C-H); 1651, 1644 (C=N); OH (400 
MHz; CDCI1) 8.15 (!H, s, NCH), 7.61-7.64 (2H, m, ArCH), 6.84-6.87 (2H, m, ArCH), 
5.94-6.04 (I H, m, CH2CHCH2), 5.05-5.5.22 (2H, m, CHzCHCH2), 4.14-4.16 (2H, m, 
CH2CHCHz) 3.77 (3H, s, OCHJ); 0, (lOO MHz; CDCll) 161.4 (NCH), 156.7 (Arg, 136.2 
(CH2CHCH2), 129.7 (2C, s, ArCH), 129.1 (ArQ, 116.0 ~H2CHCH2), 114.0 (2C, s, 
ArCH), 63.5 (CH2CHCH2), 55.4 (OCH1); mlz 175 (~, 63 %),174 (lOO %),121 (32 %), 41 
(34 %). 
209 
l-Allyl-S-buta-l,3-dieny 1-2-(4-methoxy-phenyl)-pyrro Iidine-3,3-dicarboxylic acid 
dimethyl ester (240) 
N ( 
C02Me 
C02Me 
OMe 
2-Buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.200 g, 0.95 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). Allyl-( 4-methoxybenzylidene )-amine (0.250 g, 1.43 mrnol) and ZnBr2 (0.643 
g, 2.86 mmol) were added and the reaction mixture stirred for 8.0 h at room temperature ... 
The resulting mixture was filtered through a pad of celite and silica, then concentrated in 
vacuo, and the residue purified by flash silica chromatography eluting in petroleum ether-
diethyl ether (I: I v/v) to yield the single title compound diastereoisomer as a colourless oil 
(0.150 g, 41 %); C22H27NOS, LRMS [EI]«M+Ht), required 386.1962, found 386.1964; 
Vmax (neat film)/cm- I 2951,2836 (spJ C-H), 1731 (C=O); OH (400 MHz; CDCb) 7.20 (2H, 
d, J 5.6 Hz, ArID, 6.74 (2H, d, J 8.4 Hz, ArID, 6.28-6.38 (I H, s, CH2CHCH), 6.15 (I H, dd, 
J 10.5,15.1 Hz, CH2CHQI), 5.60-5.71 (2H, m, CH2CHCHCH and NCH2CHCH2),4.81-
5.19 (4H, rn, CfuCHCH and NCH2CHCfu), 4.62 (lH, s, CH(ArOCHJ», 3.71 (3H, s, 
OClli), 3.69 (3H, s, C02Clli), 3.07 (3H, s, C02Clli), 3.10-3.22 (3H, m, CHCH2C and 
NCfuCHCH2), 2.60 (lH, dd, J 10.8, 13.2 Hz, CHCHHC), 2.16 (lH, dd, J 6.0, 13.2 Hz, 
CHCHHC); Oc (100 MHz; CDCb) 172.2, 172.2 (£02CHJ), 159.0 (Arg, 136.5 
(CH2CHCH), 135.3 (CH2CHCHCH), 133.4 (CH2CHCH), 133.3 (NCH2CHCH2), 131.7 
(ArQ 129.8 (2C, s, ArCH), 117.9 (NCH2CHCH2), 117.0 (hH2CHCH), 113.1 (2C, s, 
ArCH), 69.4 (£H(ArOCHJ», 64.1 (h(C02CHJ)2), 62.7 (£HCH2C), 55.2 (OCHJ), 52.9 
(C02CHJ), 52.3 (NCH2CHCH2), 52.1 (CO&HJ), 39.0 (CH~H2C); mlz 386 «M+Ht, 10 
%). 
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(1,2-Dimethyl-propyl)-[3-(4-nitrophenyl)allylidenelamine (243) 
(R)-( -)-3 methyl-2-butylamine (0.700 g, 8.046 mmol) was added to a dry RBF containing 
4A mol sieves (10.00 g), and dissolved in diethyl ether (30 mL). p-Nitrobenzaldehdye 
(1.222 g, 8.05 mmol) was added and the reaction stirred at ambient temperature for 18.0 h. 
The mixture was then filtered through a plug of celite and concentrated in vacuo to yield 
the title compound as an colourless oil (1.476 g, 83 %); Vmax (neat film)/cm'I 2966,2930, 
2870 (Sp3 C-H); 1646, 1642 (C=N); 1525, 1517, 1346 (N02); OH (400 MHz; CDCh) 8.23 
(I H, s, NCt!), 8.15 (2H, d, J 8.8 Hz, Art!), 7.80 (2H, d, J 8.8 Hz, Art!.), 3.01 (I H, quin., J 
6.4 Hz, CH(CH3)), 1.67-1.78 (I H, m, CH(CH3)z), 1.14 (3H, d, J 6.4 Hz, CH(Clli)), 0.86 
(3H, d, J 6.8 Hz, CH(Clli)2), 0.79 (3H, d, J 6.8 Hz, CH(Clli)2); 0, (100 MHz; CDCI3) 
156.3 (NCH), 148.8 (Arg, 142.1 (Arg, 128.7, 123.8 (2C, s, ArCH), 72.7 ~H(CH3)), 34.1 
(CH~H3)2)' 19.7 (CH~H3)), 19.3 (CH~H3)2), 19.2 (CH~H3)2)' 
5-Buta-l ,3-d ieny 1-1-(1 ,2-di methyl-p ro pyl)-2-( 4-nitro pheny l)-pyrrolidine-3,3-
dicarboxylic acid dimethyl ester (244) 
C02Me 
If ~ C02Me 
N 
2-Buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.149 g, 0.71 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
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DCM (5 mL). (1,2-Dimethylpropyl)-[3-(4-nitrophenyl)allylidene]amine (0.234 g, 1.06 
mmol) and ZnBr2 (0.4 79 g, 2.13 mmol) were added and the reaction mixture stirred for 8.0 
h at room temperature. The resulting mixture was filtered through a pad of celite and silica, 
then concentrated in vacuo, and the residue purified by flash silica chromatography eluting 
in petroleum ether-diethyl ether (4: I v/v) to yield the two inseparable, title compound 
diastereoisomers as a colourless oil (0.138 g, 45 %, 1:1 d.r.); C23H30N206, HRMS 
[FAB]((M+H»), required 431.2182, found 431.2190; Vrnax (neat film)/cm o ) 3084, 2954, 
2871 (Sp3 C-H), 1741, 1737, 1732 (C=O); 1524, 1519, 1347 (N02); OH (400 MHz; CDCI3) 
8.04-8.08 (4H, m, ArCH.), 7.48-7.54 (4H, m, ArCH.), 6.25-6.38 (2H, m, CH2CHCH), 6.07-
6.17 (2H, m, CH2CHCH.), 5.73 (I H, dd, J 8.6, 15.4 Hz, CH2CHCHCt!), 5.62 (I H, dd, J 8.3, 
15.1 Hz, CH2CHCHCH.), 5.04 (lH, S, CH(ArN02», 5.00-5.16 (4H, m, ClliCHCH), 4.83 
(IH, S, CH(ArN02», 3.73 (3H, S, C02C!B), 3.72 (3H, s, C02C!B), 3.46-3.51 (lH, m, 
CHCH2C), 3.27-3.32 (IH, rr;, CHCH2C), 3.06 (3H, S, C02C!B), 3.04 (3H, s, C02C!B), 
2.54-2.67 (2H, m, CHCHHC), 2.25-2.35 (2H, m, CHCHHC and CH(CH3», 2.18 (I H, dd, J 
5.6,13.2 Hz, CHCHHC), 2.03-2.07 (IH, m, CH(CH3», 1.57-1.65 (lH, m, CH(CH3)2), 0.98 
(3H, d, J 2.0 Hz, CH(C!B», 0.96 (3H, d, J 1.9 Hz, CH(C!B», 0.78-0.83 (lH, m, 
CH(CH3)2), 0.72 (3H, d, J6.6 Hz, CH(C!Blz), 0.52-0.57 (9H, m, CH(C!:!J)2); Oc (100 MHz; 
CDCI3) 171.6, 171.1, 168.8, 168.2 (COzCH3), 150.5, 148.9, 147.4, 147.2 (ArQ, 136.8 
(CH2CHCHCH), 136.4 (CHZ£HCH), 136.3 (CH2CHCH), 136.1 (CH2CHCHCH), 133.4 
(CH2CHCH), 131.5 (CH2CHCH), 130.2, 129.6, 122.7. 122.7 (2C, S, ArCH), 117.2 
(1;.H2CHCH), 116.9 (1;.H2CHCH), 70.6 (1;.H(ArNOz», 65.6 (1;.(C02CH3lz), 64.4 
(1;.H(ArN02», 64.1 (1;.(C02CH3lz), 63.0 (5;;.HCH2C), 61.5 (1;.H(CH3», 59.7 (1;.HCH2C), 
59.3 (1;.H(CH3», 53.3, 53.2, 52.2, 52.2 (C02CH3), 40.3 (CH5;;.H2C), 38.4 (CHCHzC), 32.3 
(1;.H(CH3)2), 32.2 (1;.H(CH3)z), 21.3 (CH(1;.H3)z), 21.1 (CH(1;.H3)z), 20.2 (CH(1;.H3)2), 19.9 
(CH(1;.H3)z), 11.7 (CH(5;;.H3», 11.4 (CH(5;;.H3»; mlz 431 ((M+Ht, 10 %), 387 (100 %), 177 
(31 %). 
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(4-Nitrobenzylidene}-(1-phenylethyl)amine (245) 
(R)-(+)-I Phenylethylamine (1.000 g, 8.26 mmol) was added to a dry RBF containing 4..\ 
mol sieves (10.00 g), and dissolved in diethyl ether (30 mL). p-Nitrobenzaldehdye (1.256 g, 
8.26 mmol) was added and the reaction stirred at ambient temperature for 18.0 h. The 
mixture was then filtered through a plug of celite and concentrated in vacuo to yield the 
title compound as an colourless oil (1.817 g, 87 %). V max (neat film)/cm'\ 3003,2953,2839 
(C-H spJ); 1651 (C=N); OH (400 MHz;CDCh) 8.36 (lH, s, NC.!:!), 8.16-8.19 (2H, m, Ar.!:!), 
7.84-7.88 (2H, m, Ar.!:!), 7.33-7.36 (2H, m, Ar.!:!), 7.26-7.30 (2H, m, Ar.!:!), 7.17-7.21 (lH, 
m, Ar.!:!), 4.53 (lH, q, J 6.6 Hz, CH(CHJ», 1.53 (3H, d, J 6.7 Hz, CH(Cfu»; 0, (100 MHz; 
CDCh) 157.1 (NCH), 149.0, 144.4, 141.9 (Arg, 129.0, 128.6 (2C, s, ArCH), 127.2 
(ArCH), 126.6, 123.8 (2C, s, ArCH), 70.1 (£H(CHJ», 24.8 (CH(£HJ». 
5-Buta-l,3-dienyl-2-(4-nitrophenyl)-1-(1-phenyl-ethyl)-pyrrolidine-3,3-dicarboxylic 
acid dimethyl ester (246) 
C02Me 
r"--.J.-C02Me 
N 
2-Buta-I,3-dienyl-cyclopropane-I,I-dicarboxylic acid dimethyl ester (0.152 g, 0.73 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
DCM (5 mL). (4-Nitrobenzylidene)-(l-phenylethyl)amine (0.276 g, 1.09 mmol) and ZnBr2 
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(0.489 g, 2.17 mmol) were added and the reaction mixture stirred for 8.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (4: I v/v) to yield the two inseparable title compound 
diastereoisomers as a colourless oil (0.159 g, 47 %, I: I d.r.); C26H28N206, HRMS 
[FABl(M'), required 464.1947, found 464.1941; Vrnax (neat film)/cm·1 3085,3029,2953 
(Sp3 C-H), 1737, 1732 (C=O); 1519, 1515, 1347 (N02); OH (400 MHz; CDCh)7.99 (2H, d, 
J9.3 Hz, ArC!:!), 7.87 (2H, d, J9.3 Hz, ArC.!:!), 7.29 (2H, d, J9.3 Hz, ArC.!:!), 7.36 (2H, d, 
J 9.3 Hz, ArC.!:!), 6.96-7.09 (\OH, m, Ar.!:!), 6.17-6.33 (3H, m, CH2CHC.!:!), 6.08 (I H, dd, J 
10.4, 11.8 Hz, CH2CHCH ), 5.65-5.72 (2H, m, CH2CHCHC.!:!), 5.00-5.22 (4H, m, 
C!::hCHCH), 5.00 (lH, s, CH(ArN02», 4.85 (IH, s, CH(ArN02», 3.96 (2H, q, J 7.0 Hz, 
CH(CH3», 3.68 (3H, s, qC02C!Dh), 3.59 (3H, s, C02C!D), 3.39-3.45 (I H, m, CHCH2C), 
3.32-3.36 (lH, m, CHCH2C), 3.05 (3H, s, C02C!D), 3.03 (3H, s, C02C!D», 2.55 (2H, dd, J 
11.5, 13.1 Hz, CHCHHC), 2.17-2.27 (2H, m, CHCHHC), 1.32 (3H, d, 17.0 Hz, CH(C!D», 
1.12 (3H, d, J 7.0 Hz, CH(C!D»; Oc (lOO MHz; CDCh) 171.2, 171.1, 168.1, 168.1 
~02CH3), 150.5, 150.3, 147.0, 146.8, 141.9, 140.9 (Arg, 136.8 (CH2CHCHCH), 136.4, 
136.3 (CH&HCH), 136.1 (CH2CHCHCH), 132.4, 132.2 (CH2CHCH), 129.4,129.3,128.5, 
128.2, 127.8, 127.6 (2C, s, ArCH), 127.1, 127.0 (ArCH), 122.7, 122.4 (2C, s, ArCH), 
117.1,117.0 (CH2CHCH), 68.2, 66.4 (CH(ArN02», 64.6 (2C, s, QC02CH3)z), 62.3, 61.6 
~HCH2C), 60.4, 56.8 ~H(CH3», 53.3, 53.2, 52.2, 52.2 (C02CH3), 39.2, 39.0 
(CHCH2C), 20.6, 14.9 (CH~H3»; mlz 464 (M'", \0 %), 359 (60 %), 105 (100 %). 
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<1-Naphthalen-l-yl-ethyIH 4-nitrobenzylidene)amine (247) 
(R)-(+)-I-(l-Naphthyl)ethylamine (0.150 g, 0.88 mmol) was added to a dry RBF containing 
4..\ mol sieves (10.00 g), and dissolved in diethyl ether (30 mL). p-Nitrobenzaldehdye 
(0.130 g, 0.88 mmol) was added and the reaction stirred at ambient temperature for 18.0 h. 
The mixture was then filtered through a plug of celite and concentrated in vacuo to yield 
the title compound as a colourless oil (0.243 g, 92 %); mp 124-127 QC; V max (neat film)/cm· 
1 1651 (C=N); 1519, 1344 (N02); OH (400 MHz; CDCh) 8.48 (lH, s, NCID, 8.26 (2H, d,J 
8.8 Hz, ArID, 7.96 (2H, d, J 8.8 Hz, ArID, 7.87-7.90 (IH, m, ArID, 7.79 (2H, d, J 7.6 Hz, 
ArID, 7.47-7.57 (4H, m, ArID, 5.36 (lH, q, J 6.6 Hz, CH(CH3», 1.69 (3H, d, J 6.6 Hz, 
CH(Cfu»; oe (100 MHz; CDCh) 157.4 (NCH), 149.0, 141.9, 140.3,134.0, 130.6 (ArQ, 
129.1 (ArCH), 129.0 (2C, s, ArCH), 127.7,126.0,125.7,125.5,124.1 (ArCH), 123.9 (2C, 
s, ArCH), 123.4 (ArCH), 65.9 (£H(CH3», 24.3 (CH(£H3». 
5-Buta-l,3-dienyl-l-<1-naphthalen-2-yl-ethyl)-2-(4-nitrophenyl)-pyrrolidine-3,3-
dicarboxylic acid dimethyl ester (248) 
CO,Me 
~CO'Me 
N PhNO, 
2-Buta-1 ,3-dienyl-cyclopropane-1, 1-dicarboxylic acid dimethyl ester (0.140 g, 0.67 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
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OCM (5 mL). (I-Naphthalen-I-yl-ethyl)-(4-nitrobenzylidene)-amine (0.240 g, 0.80 mmol) 
and ZnBrl (0.449 g, 2.00 mmol) were added and the reaction mixture stirred for 8.0 h at 
room temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (4:1 v/v) to yield the two inseparable, title compound 
diastereoisomers, as a colourless oil (0.157 g, 46 %, I: 1 d.r.); Vrnax (neat film)/cm·' 2953 
(Spl C-H); 1742, 1738, 1732 (C=O); 1519, 1515, 1347 (NOl); OH (400 MHz; COCh) 6.98-
8.18 (22H, m. ArCH.), 6.20-6.39 (4H, m, CHlCHCH.), 5.88 (2H, dd, J 7.5, 15.1 Hz, 
CHlCHCHCH.), 5.03-5.26 (4H, m, CfuCHCH), 4.88 (2H, q, J 6.6 Hz, CH(CHJ», 4.85 (IH, 
s, CH(ArN02», 4.76 (IH, s, CH(ArN02», 3.75 (3H, s, C02Cfu), 3.67 (3H, s, COlCfu), 
3.60-3.71 (2H, m, CHCH2C), 3.01 (3H, s, COlCfu), 2.90 (3H, s, C02Cfu), 2.61 (2H, q, J 
13.3 Hz, CHCHHC), 2.33 (lH, dd, J5.6, 12.4 Hz, CHCHHC), 2.29 (IH, dd, J5.8, 12.0 Hz, 
CHCHHC), 1.57 (3H, d, J 6.6 Hz, CH(Cfu», 1.37 (3H, d, J 6.6 Hz, CH(Cfu»; Oc (I 00 
MHz; COCh) 171.3, 171.2, 168.0, 167.8 (~.o2CHJ), 149.8, 147.8,146.6, 146.1, 139.2, 
138.1 (Arg, 137.8 (CH2CHCHCH), 136.5 (CH2CHCH), 136.1 (CH2CHCH), 136.0 (2C, 
ArCH), 134.6 (CHlCHCH), 134.0 (CH2CHCHCH), 133.7, 132.0 (2C, s, Arg, 131.3 
(CH2CHCH), 131.3, 129.0 (ArCH), 128.6, 128.4 (2C, s, ArCH), 128.0, 127.9, 127.6, 126.5, 
125.4,125.4,125.3,125.2,124.7,124.2,124.1,123.9 (ArCH), 122.3, 120.6 (2C, s, ArCH), 
118.1 ~H2CHCH), 117.0 ~HlCHCH), 70.7 ~H(ArN02»' 64.5 (2C, CHCH2g, 64.4 
~H(ArN02»' 63.5, 61.5 ~HCHlC), 53.4, 53.4, 52.1, 52.0 (COlCHJ), 39.9, 38.9 
(CHCH2C), 22.3 (2C, CH~HJ»; Quaternary carbon ~H(CHl» not visible therefore not 
assigned; 
No mass ion observed. 
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2-Vinylcyclopropane-l,1-dicarboxyJic acid dimethyl ester (252)125 
C02Me 
4C02Me 
To a stirred solution of sodium methoxide prepared from sodium (2.782 g, 121.20 mmol) 
and methanol (30 mL) was introduced dimethyl malonate ( 8.000 g, 60.60 mmol) and left 
to stir for 5 min. A solution of trans-I,4-dibromobut-2-ene (14.203 g, 66.60 mmol) in 
methanol (30 mL) was added. The mixture was refluxed for 2.5 h and then cooled to room 
temperature. The white precipitate was filtered off and the filtrate was concentrated in 
vacuo to give an oily residue. The residue was partitioned between diethyl ether (20 mL) 
and distilled water (20 mL). The layers were separated and the organic layer was washed 
with water (2 x 30 mL), dried over MgS04 and concentrated in vacuo. The resulting residue 
was purified by flash silica column chromatography eluting with light petroleum-diethyl 
ether (10:1 v/v) to yield the title compound as a colourless oil (8.727 g, 78 %); C9H120 4, 
HRMS [EI](M+), required 184.0736, found 184.0738; Vmax (neat film)/cm·1 1751, 1739, 
1734 1718 (C=O); SH (400 MHz; CDCh) 5.44 (lH, ddd, J 8.2, 10.1, 18.2 Hz, 
CHCHCH2C), 5.28-5.33 (lH, m, CHHCHCHCH2C), 5.15 (lH, ddd, J 0.6, 1.6, 10.1 Hz, 
CHHCHCHCH2C), 3.75 (6H, s, C02C!iJ), 2.60 (lH, q, J 7.7 Hz, CHCH2C), 1.73 (lH, dd, 
J 4.9,7.7 Hz, CHCHHC), 1.59 (lH, dd, J 4.9,9.0 Hz, CHCHHC); Se (lOO MHz; CDCI3) 
170.0, 167.8 (!;.02CH3), 132.9 (CH2CHCHCH2C), 118.7 (CthCHCHCH2C), 52.8, 52.6 
(CO&H3), 35.7 (£.(C02CH3)2), 31.5 (CHCH2C), 20.6 (CHCthC); mlz 184 (~, 23 %),124 
(84 %), 71 (70 %), 59 (92 %). 
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5-Vinyl-tetrahydrofuran-2,3,3-tricarboXYlic acid 2-ethyl ester 3,3-dimethyl ester (254) 
2-Vinylcyclopropane-I, I-dicarboxylic acid dimethyl ester (0.300 g, 1.630 mmol) was 
added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry DCM (5 
mL). Ethyl glyoxylate (0.500 g, 2.45 mmol, 50% in toluene) and ZnBr2 (1.461 g, 6.52 
mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (2: 1 v/v) to yield the two inseparable title compound diastereoisomers as a colourless 
oil (0.301 g, 65 %, 1:1 d.r.); CI3H'S07, HRMS [EI](M+H)"l, required 287.1131, found 
287.1131; Vrnax (neat filrn)/cm·' 2953, 2943, 2894 (sp) C-H), 1738, 1698 (C=O); Assigned 
from combined spectrum (i) 1 st diastereoisomer, cis 15H (400 MHz; CDCb) 5.88-5.96 (I H, 
rn, (CH2C!::!)CH), 5.08-5.27 (2H, m, (CHzCH)CH), 5.15 (I H, s, CH(C02CH2CH))), 4.38-
4.44 (I H, m, CHCH2C), 4.08-4.17 (2H, rn, C02CHzCH)), 3.77 (3H, s, C02Clli), 3.73 (3H, 
s, C02Clli), 2.64 (I H, dd, J 6.2, 13.1 Hz, CHCHHC), 2.53 (I H, dd, J 9.8, 13.1 Hz, 
CHCHHC), 1.21 (3H, t, J 7.2 Hz, (C02CH2Clli); 15c (100 MHz; CDCb) 169.7, 169.5 
(£02CH)), 167.9 (£02CH2CH)), 136.9 «CH2CH)CH), 118.0 «(£H2CH)CH), 81.3 
(£HCH2C), 80.6 (~H(C02CH2CH))), 64.1 (£(C02CH))2), 61.5 (CO&H2CH)), 53.5, 53.4 
(C02CH)), 39.6 (CHCH2C), 14.1 (C02CH&H)); (ii) 2nd diastereoisomer, trans 15H (400 
MHz; CDCh) 5.69-5.78 (1 H, m, (CH2C!::!)CH), 5.08-5.27 (2H, m, (C!:hCH)CH), 4.96 (I H, 
s, CH(C02CH2CH))), 4.78-4.84 (I H, m, CHCH2C), 4.08-4.17 (2H, rn, C02CHzCH)), 3.67 
(3H, s, C02Clli), 3.66 (3H, s, C02Clli), 2.91 (lH, dd, J 7.6, 13.1 Hz, CHCHHC), 2.27 
(1 H, dd, J 6.8, 13.1 Hz, CHCHHC), 1.21 (3H, t, J 7.2 Hz, (C02CH2Clli); 15c (100 MHz; 
CDCb) 169.8, 168.4 (£02CH]), 167.9 (£02CH2CH)), 136.9 «CH2CH)CH), 116.9 
«£H2CH)CH), 81.1 (£HCH2C), 81.0 (£H(C02CH2CH))), 64.5 (£(C02CH)n), 61.5 
(C02CH2CH]), 53.2, 53.1 (C02CH]), 39.2 (CHCH2C), 14.0 (C02CH2CH]); mlz 287 
«M+Ht, 46 %), 213 (100 %), 153 (69 %). 
218 
2-Methyl-5-vinyl-tetrahydroruran-3,3-dicarboxylic acid dimethyl ester (255) 
2-Vinylcyclopropane-I, I-dicarboxylic acid dimethyl ester (0.300 g, 1.63 mmol) was added 
to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry DCM (5 mL). 
Acetaldehyde (0.143 g, 3.26 mmol) and ZnBr2 (1.467 g, 6.52 mmol) were added and the 
reaction mixture stirred for 8.0 h at room temperature. The resulting mixture was filtered 
through a pad of celite and silica, then concentrated in vacuo, and the residue purified by 
flash silica chromatography eluting in petroleum ether-diethyl ether (4: I v/v) to yield the 
two inseparable title compound diastereoisomers as a colourless oil (0.264 g, 71 %,4:1 
d.r.); CllHI60S, HRMS [EI](Mj, required 228.0998, found 228.0994; Vmax (neat film)/cm·l 
2958, 2924 (Sp3 C-H), 1738, 1734 (C=O); Assigned from combined spectrum (i) Major 
diastereoisomer, cis OH (400 MHz; CDCh) 5.82-5.91 (IH, m, (CH2CHlCH), 5.02-5.25 (2H, 
m, (CfuCH)CH), 4.93 (I H, q, J 6.4 Hz, CH(CH3), 4.17-4.23 (I H, m, CHCH2C), 3.70 (3H, 
s, C02Clli), 3.68 (3H, s, C02Clli), 2.44 (I H, q, J 13.4 Hz, CHCHHC), 2.42 (I H, q, J 13.4 
Hz, CHCHHC), 1.19 (3H, t, J 6.4 Hz, (CH(Cfu»; oe (100 MHz; CDCh) 170.8, 169.8 
(£02CH3), 137.3 ((CH2CH)CH), 117.4 ((£H2CH)CH), 78.9 (£HCH2C), 78.8 (£H(CH3», 
63.6 (£(C02CH3h), 52.7, 52.5 (C02CH3), 40.0 (CHCH2C), 17.1 (CH(£H3»; (ii) Minor 
diastereoisomer, trans OH (400 MHz; CDCh) 5.71-5.80 (IH, m, (CH2C.!:!)CH), 5.02-5.25 
(2H, m, (CfuCH)CH), 4.56 (I H, q, J 6.4 Hz, CH(CH3), 4.62-4.66 (IH, m, CHCH2C), 3.69 
(3H, s, C02Clli), 3.67 (3H, s, C02Clli), 2.81 (I H, dd, J 7.3, 13.2 Hz, CHCHHC), 2.42 
(IH, dd, J 7.5, 13.2 Hz, CHCHHC), 1.19 (3H, t, J 6.4 Hz, CH(Cfu»; oe (100 MHz; CDCh) 
170.1, 169.6 (£02CH3), 138.4 ((CH2CH)CH), 115.7 ((£H2CH)CH), 78.6 (£HCH2C), 78.4 
(£H(CH3», 63.7 (C(C02CH3)2), 52.6, 52.5 (CO&H3), 40.0 (CH~H2C), 16.8 (CH(£H3»; 
mlz 228 (M+, 19%), 174 (56 %),159 (100 %), 127 (74 %),110 (9 %). 
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2-(4-Methoxy-phenyll-5-vinyl-tetrahydrofuran-3,3-dicarboxyJic acid dimethyl ester 
(256) 
C02Me 
t---4---C02Me 
o 
OMe 
2-Vinylcyclopropane-I, I-dicarboxylic acid dimethyl ester (0.460 g, 2.34 mmol) was added 
to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry OCM (5 mL). 
Anisaldehyde (0.476 g, 3.50 mmol) and ZnBr2 (1.575 g, 7.00 mmol) were added and the 
reaction mixture stirred for 8.0 h at room temperature. The resulting mixture was filtered 
through a pad of celite and silica, then concentrated in vacuo, and the residue purified by 
flash silica chromatography eluting in petroleum ether-diethyl ether (3: I v/v) to yield the 
two inseparable title compound diastereoisomers as a colourless oil (0.315 g, 42 %, 4: I 
d.r.); C17H200 6, HRMS [EI](Ml, required 320.1260, found 320.1264; Vmax (neat film)/cm- I 
2953 (Sp3 C-H), 1739, 1732 (C=O); Assigned from combined spectrum (i) Major 
diastereoisomer, cis OH (400 MHz; COCh) 7.24 (2H, d, J 8.8 Hz, Ar!::D, 6.75 (2H, d, J 8.8 
Hz, Ar!:!), 5.97-6.06 (lH, m, (CH2C!:!)CH), 5.65 (IH, s, CH(ArOCHJ», 5.08-5.35 (2H, m, 
(CHzCH)CH), 4.29-4.35 (lH, m, CHCH2C), 3.73 (3H, s, C02C!:b), 3.71 (3H, s, OC!:b), 
3.10 (3H, s, C02C!:b), 2.68 (l H, dd, J 10.3, 13.3 Hz, CHCHHC), 2.4 1 (l H, dd, J 6.0, 13.3 
Hz, CHCHHC); oe (100 MHz; COCI3) 171.3, 169.1 (!;:.02CH3), 159.4 (ArQ, 136.5 
«CH2CH)CH), 129.8 (ArQ, 128.2 (2C, s, ArCH), 117.6 «(!;:.H2CH)CH), 113.2 (2C, s, 
ArCH), 84.0 (!;:.H(ArOCH3», 79.1 (!;:.HCH2C), 66.0 ~(C02CH3)z), 55.2 (OCH3), 53.0, 
52.2 (C02CH3), 40.3 (CHCH2C); (ii) Minor diastereoisomer, trans OH (400 MHz; COCh) 
7.23-7.28 (2H, m, Ar!:!), 6.74-6.78 (2H, m, Ar!:!), 5.97-6.06 (IH, rn, (CH2C!:!)CH), 5.56 
(lH, s, CH(ArOCH3», 5.08-5.35 (2H, m, (CHzCH)CH), 4.97-4.99 (lH, m, CHCH2C), 3.71 
(3H, s, OClli), 3.69 (3H, s, C02C!:b), 3.17 (3H, s, C02C!b), 2.94 (I H, dd, J 7.1, 13.2 Hz, 
CHCHHC), 2.12 (lH, dd,J7.1, 13.2 Hz, CHCHHC); oe (100 MHz; COCI3) 170.5, 169.2 
~02CH3), 159.3 (ArQ, 138.2 «CH&H)CH), 130.2 (Arg, 127.8 (2C, s, ArCH), 116.0 
«(!;:.H2CH)CH), 113.3 (2C, s, ArCH), 83.3 (CH(ArOCH3», 79.7 ~HCH2C), 66.0 
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(QC02CH3h), 55.2 (OCH3), 52.8, 52.6 (COZ£H3), 40.4 (CHCH2C); mlz 320 (M+, 47 %), 
184 (100 %),152 (90 %),135 (92 %),124 (49 %), 77 (16 %). 
l-AlIyl-2-phenyl-5-vinyl-pyrrolidine-3,3-dicarboxylic acid dimethyl ester (257)144 
C02Me 
C02Me 
N ) 
2-Vinylcyclopropane-1, 1-dicarboxylic acid dimethyl ester (0.200 g, 1.02 mmol) was added 
to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry DCM (5 mL). 
Allyl-benzylidene-amine (0.205 g, 1.52 mmol) and ZnBr2 (0.685 g, 3.08 mmol) were added 
and the reaction mixture stirred for 8.0 h at room temperature. The resulting mixture was 
filtered through a pad of celite and silica, then concentrated in vacuo, and the residue 
purified by flash silica chromatography eluting in petroleum ether-diethyl ether (4: 1 v/v) to 
yield the single, title compound diastereoisomer as a colourless oil (0.170 g, 51 %); 
CI9H23NO., HRMS [EI](Mr), required 329.1627, found 329.1632; Vmax (neat film)/cm·1 
1738, 1732 (C=O); /lH (400 MHz; CDCh) 7.14-7.32 (5H, m, Art!.), 5.62-6.80 (2H, m, 
(CH2Ct!.)CH and CH2CHCH2N), 4.89-5.21 (4H, m, (CthCH)CH and CthCHCH2N), 4.69 
(lH, s, CH(Ar)), 3.70 (3H, s, C02C!:b), 3.05-3.19 (3H, m, CHCH2C, CH2CHCthN), 3.00 
(3H, s, C02C!:b), 2.63 (1 H, dd, J 11.2, 13.2 Hz, CHCHHC), 2.18 (1 H, dd, J 6.0, 13.2 Hz, 
CHCHHC); /le (100 MHz; CDCI3) 172.1, 169.4 (£02CH3), 140.0 (ArQ, 139.6 
«CH2CH)CH), 133.5 (CH2CHCH2N), 128.8, 127.7 (2C, s, ArCH), 127.5 (ArCH), 117.8 
(£H2CHCH2N), 117.4 «£H2CH)CH), 70.0 (£H(Ar)), 64.3 (CHCH2Q, 63.9 (£HCH2C), 
52.9 (C02CH3), 52.3 (CH2CHCH2N), 51.9 (CO&H3), 39.0 (CHCH2C); mlz 329 (M", 18%), 
288 (97 %), 270 (70 %), 144 (100%),109 (63 %), 91 (37 %). 
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4-Methyl-benzenesulfonyl azide (258(a»'46 
Tosyl chloride (7.000 g, 36.80 mmol) and sodium azide (5.000 g, 77.00 mmol) were 
dissolved in acetone (60 mL) and water (40 mL). The reaction was left to reflux for 2.0 h. 
Water (40 mL) was added and the organic layer was extracted with DCM (2 x 100 mL), 
dried over MgS04 and concentrated in vacuo to yield the title compound as a colourless oil 
(6.123 g, 84 %); Urnax (thin film)cm·' 2354 (N2), 1369, 1307, 1296, 1166, 1120 (SOz); OH 
(400 MHz; CDCb) 7.82 (2H, d, J 8.0 Hz, ArH), 7.39 (2H, d, J 8.0 Hz, ArH), 2.48 (3H, s, 
Clli). 
2-Diazomalonic acid dimethyl ester (258(bU'45 
Tosyl azide (2.391 g, 12.14 mmol), dimethyl malonate (1.577 g, 11.96 mmol) and 
triethylamine (1.244 g, 12.26 mmol, were allowed to stand in dry acetonitrile (20 mL) at 
room temperature for 22.0 h. The solvent was reduced in vacuo to furnish a white solid. 
The solid was triturated with diethyl ether (150 mL) and the ether extract was washed with 
KOH (2.704 g) in water (100 mL). The aqueous layer was saturated with NaS03 and 
extracted with diethyl ether (100 mL). The combined ethereal layers were acidified with 
6M HCl, dried over Na2S04 and concentrated in vacuo to yield the title compound as a 
yellow viscous oil (0.423 g, 26 %); Vrnax (neat film)/cm·' 2147 (Nz), 1732, 1699 (C=O); 
OH (400MHz; CDCb) 3.82 (6H, s, (C02ClliH 
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2-Phenyl-cycIoDropane-l,1-dicarboxylic acid dimethyl ester (259)141 
2-Diazo-malonic acid dimethyl ester (0.600 g, 3.80 mmol), styrene (0.410 g, 3.80 mmol), 
and Rh2(OAc)4 (cat.) were stirred under reflux for 3.0 h, in acetonitrile (10 mL). The 
residue was purified by flash silica chromatography eluting in petroleum ether-diethyl ether 
(4:1 v/v) to yield the title compound as a colourless viscous oil (0.320 g, 36 %); V max (neat 
film)/cm· 1 3088, 3026,2951. 2845 (Spl C-H), 1742, 1731, 1719 (C=O);8H (400 MHz; 
CDCb) 7.18-7.25 (5H, m, ArID, 3.79 (3H, s, C02Clli), 3.36 (3H, s, C02Clli), 3.23 (lH, t, 
J 8.0 Hz, CHCH2C), 2.20 (IH, dd, J 5.2,8.0 Hz, CHCHHC), 1.75 (lH, dd, J 5.2,9.4 Hz, 
CHCHHC); 8c (lOO MHz; CDCll) 170.3, 167.1 ~02CHl)' 134.6 (ArQ, 128.4, 128.2 (2C, 
s, ArCH), 127.4 (ArCH), 52.8, 52.2 (C02CHl), 37.2 (£(C02CHl)2), 32.6 ~HCH2C), 19.1 
(CHCH2C). 
5-Phenyl-tetrahydroCuran-2,3,3-tricarboxylic acid 2-ethyl ester 3,3-dimethyl ester 
(260)141 
C02Me 
r---+--C02Me 
° C02Et 
2-Phenyl-cyclopropane-I,I-dicarboxylic acid dimethyl ester (0.104 g, 0.44 mmol) was 
added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry DCM (5 
mL). Ethyl glyoxylate (0.180 g, 0.89 mmol, 50% in toluene) and ZnBr2 (0.191 g,0.89 
mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
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ether (2: I v/v) to yield the two inseparable title compound diastereoisomers as a colourless 
oil (0.118 g, 83 %, 1:1 d.r.); C17H2007, HRMS [El](Ml, required 336.1209, found 
336.1207; Vmax (neat film)/cm· 1 2985,2956,2905, (C-H Sp3), 1746, 1732, 1728 (C=O); 
Assigned from combined spectrum (i) 1st diastereoisomer, cis OH (400 MHz; COCh) 7.27-
7.50 (5H, m, Ar.!:!), 5.18 (lH, s, CH(C02CH2CH3», 5.02 (lH, dd, J 5.8, 10.4 Hz, 
CHCH2C), 4.17-4.28 (2H, m, C02ClliCH3), 3.71 (6H, s, (C02Clli)2), 2.89 (I H, dd, J 5.8, 
13.1 Hz, CHCHHC), 2.79 (lH, dd, J 10.5, 13.1 Hz, CHCHHC), 1.30 (3H, t, J 7.2 Hz, 
C02CH2Clli); Oc (100 MHz; COCh) 169.8, 169.8 (£.o2CH3), 169.7 (!;;.02CH2CH3), 139.7 
(Arg, 128.5 (2C, s, ArCH), 128.2 (ArCH), 126.5 (2C, s, ArCH), 81.6 ~HCH2C), 81.1 
~H(C02CH2CH3», 64.7 ~(C02CH3)2)' 61.6 (C02CH2CH3), 53.3, 53.1 (CO;&H3), 42.0 
(CHCH2C), 14.1 (C02CH2CH3); (ii) 2nd diastereoisomer, trans OH (400 MHz; COCI3) 7.27-
7.50 (5H, m, Ar.!:!), 5.48 (IH, t,J7.5 Hz, CHCH2C), 5.39 (IH, s, CH(C02CH2CH3», 4.17-
4.28 (2H, m, C02ClliCH3), 3.87 (3H, s, C02Clli), 3.76 (3H, s, C02Clli), 3.23 (lH, dd, J 
7.5, 13.1 Hz, CHCHHC), 2.46 (IH, dd, J 7.5, 13.1 Hz, CHCHHC), 1.30 (3H, t, J 7.2 Hz, 
C02CH2Clli); Oc (100 MHz; COCh) 169.5, 168.5 ~02CH3), 168.0 (!;;.02CH2CH3), 140.7 
(Arg, 128.4 (2C, s, ArCH), 127.8 (ArCH), 125.6 (2C, s, ArCH), 81.7 (CH(C02CH2CH3», 
81.3 ~HCH2C)' 64.4 ~(C02CH3h), 61.5 (C02CH2CH3), 53.6, 53.2 (C02CH3), 42.4 
(CHCH2C), 14.1 (C02CH2CH3); mlz 336 (M+, 8%),277 (65 %), 263 (54 %), 217( 52%), 
203 (98 %),171 (100 %). 
2-(4-Phenyl-huta-l,3-dienyl)-cycIopropane-l,1-dicarboxylic acid dimethyl ester (262) 
C02Me Ph~C02Me 
Trans-cinnamyltriphenylphosphonium bromide (1.678 g, 3.66 mmol) and OBU (0.926 g, 
6.09 mmol) were added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry THF (30 mL). 2-formyl-cyclopropane-I,I-dicarboxylic acid dimethyl ester 
(0.600 g, 3.05 mmol) in dry THF (5 mL) was then added to the reaction. The reaction was 
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then refluxed for 3hr. The reaction mixture was allowed to cool and then neutralised by the 
addition of aqueous sat. NH!CI solution. The organic layer was then separated and the 
aqueous layer extracted with ether (3 x 15 mL). The combined organic layers were then 
dried over MgS04, filtered and concentrated in vacuo. The product was purified by flash 
silica chromatography eluting in petroleum ether-diethyl ether (3: I v/v) to yield the two 
inseparable title compound stereoisomers as a colourless oil (0.589 g, 68 %, 1.8: I E/Z); 
C17H1S04, HRMS [EI]«M+H)"l, required 287.1278, found 287.1278; Vmax (neat film)/cm·1 
3027,2953 (Spl C-H), 1741, 1737, 1732, 1728 (C=O); Assigned from combined spectrum 
(i) Majordiastereoisomer, E OH (400 MHz; COCIl) 7.12-7.37 (5H, m, ArC.!:!), 6.64 (IH, dd, 
J 10.5, 15.3 Hz, CH(Ph)CHCH), 6.44 (l H, d, J 15.3 Hz, CH(Ph)CH), 6.37 (l H, dd, J 10.6, 
15.3 Hz, CH(Ph)CHC.!:!), 5.33 (l H, dd, J 8.9, 15.3 Hz, CH(Ph)CHCHC.!:!), 3.68 (3H, s, 
C02Clli), 3.68 (3H, s, C02Clli), 2.60 (lH, q, J 8.9 Hz, CHCH2C), 1.57-1.74 (2H, m, 
CHC!:hC); Oc (IOOMHz; CDCIl) 169.9, 167.9 ~02CHl), 137.1 (Arg, 134.4 
(CH(Ph)CHCH), 132.2 ~H(Ph)CHCH), 128.6 (2C, s, ArCH), 128.4 (CH(Ph)CHCHCH), 
128.1 (CH(Ph)CH), 127.6 (ArCH), 126.4 (2C, s, ArCH), 52.7, 52.7 (C02CHl), 36.2 
(CHCH2Q, 31.7 ~HCH2C)' 21.5 (CH£H2C); (ii) Minor diastereoisomer, Z OH (400 MHz; 
COCIl) 7.12-7.37 (5H, m, ArC.!:!), 7.08 (lH, ddd, J l.l, 11.2, 15.5 Hz, CH(Ph)CHCH), 
6.53 (IH, d, J 15.5 Hz, CH(Ph)CH), 6.23 (lH, t, J 11.2 Hz, CH(Ph)CHC.!:!), 4.92 (lH, t, J 
11.2 Hz, CH(Ph)CHCHC.!:!), 3.72 (3H, s, (C02ClliH 3.68 (3H, s, (C02Clli)2), 2.90-2.97 
(lH, m, CHCH2C), .1.57-1.74 (2H, m, CHC!:hC); Oc (100 MHz; COCb) 170.1, 168.0 
~02CHl), 137.1 (Arg, 134.4 ~H(Ph)CHCH), 133.0 (CH(Ph)CHCH), 128.7 (2C, s, 
Ar£H), 126.1 (CH(Ph)CHCHCH), 127.9 (ArCH), 126.6 (2C, s, ArCH), 123.7 
(CH(Ph)CH), 52.9, 52.8 (C02CHl), 36.3 (CHCH2Q, 27.4 (£HCH2C), 22.3 (CHCH2C); mlz 
287 «M+Ht, 9%). 
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l-Allyl-2-( 4-nitro-pheny 1)-5-( 4-phenyl-buta -1 ,3-dienyl)-pyrrolidine-3,3-diearboxy lie 
acid dimethyl ester (263) 
Ph 
N ( 
C02Me 
C02Me 
N02 
2-( 4-Phenyl-buta-1 ,3-dienyl)-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.240 g, 
0.84 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Allyl-(4-nitrobenzylidene)amine (0.239 g, 1.26 mmol) and 
ZnBr2 (0.566 g, 252 mmol) were added and the reaction mixture stirred for 8.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (3: I v/v) to yield the two inseparable, title compound 
diastereoisomers as a colourless oil (0.128 g, 32 %, 1:1 d.r.); C27H2SN206, HRMS 
[EI]«M+H}"). required 477.2020 found 477.2020; Vmax (neat film)/cm· 1 3078,3025,2951 
(sp3 C-H), 1741, 1737, 1731 (C=O); Assigned from combined spectrum (i) I SI 
diastereoisomer OH (400 MHz; CDCh) 7.16-8.10 (9H, m, ArC!:!), 6.97 (I H, dd,./ 11.2, 15.6 
Hz, CH(Ph)CHCH), 6.53 (I H, d, ./ 15.6 Hz, CH(Ph)CH), 6.26-6.36 (I H, m, 
CH(Ph)CHC!:!), 5.54-5.68 (I H, m, CH2CHCH2), 5.45 (I H, t, ./ 10.1 Hz, 
CH(Ph)CHCHC!:!), 4.91-4.96 (2H, m, CH,CHCH2), 4.84 (lH, s, CH(ArN02)), 3.83 (lH, 
dt,./6.1, 10.1 Hz, CHCH2C), 3.75 (3H, s, C02Clli), 3.06 (3H, s, C02Clli), 3.01-3.18 (2H, 
m, CH2CHClli), 2.65 (1 H, dd, J 2.8, 10.8 Hz, CHCHHCH), 2.29 (I H, dd, J 2.8, 6.0 Hz, 
CHCHHC); Oc (lOO MHz; CDCh) 168.9, 171.8 (£02CH3), 147.7, 147.5 (Arg, 134.1 
(£H(Ph)CHCH), 132.9 (CH2CHCH2), 132.1 (CH(Ph)CHCH), 132.1 (CH(Ph)CHCHCH), 
129.8 (ArCH), 128.7 (ArCH), 127.9 (ArCH), 126.5 (2C, s, ArCH), 123.6 (CH(Ph)CH), 
123.0 (2C, s, ArCH), 118.9 (CH2CH~H2)' 69.4 (CH(ArN02)), 64.5 (CHCH2Q, 57.8 
(£HCH2C), 52.3, 52.3 (C02CH3), 52.7 (CH2CHCH2), 39.0 (CHCH2C); (ii) 2nd 
diastereoisomer OH (400 MHz; CDCh) 7.16-8.10 (9H, m, ArC!:!), 6.77 (1 H, dd, J 10.5, 15.6 
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Hz, CH(Ph)CHCH), 6.48 (IH, d, J 15.8 Hz, CH(Ph)CH), 6.26-6.36 (IH, m, 
CH(Ph)CHC.!:!), 5.73 (I H, dd, J 8.3, 15.2 Hz, CH(Ph)CHCHC.!:!), 5.54-5.68 (I H, m, 
CH2CHCH2), 4.91-4.96 (2H, m, ClliCHCH2), 4.80 (IH, s, CH(ArN02), 3.73 (3H, s, 
C02C!b), 3.30 (IH, ddd, J 6.0, 8.3, 14.4 Hz, CHCH2C), 3.10 (3H, s, C02C!b), 3.01-3.18 
(2H, m, CH2CHClli), 2.62 (I H, dd, J 2.9, 10.7 Hz, CHCHHCH), 2.29 (I H, dd, J 2.9, 6.1 
Hz, CHCHHC); Oc (lOO MHz; CDCh) 171.6, 168.8 (£02CH3), 148.1, 147.4 (ArQ, 134.1 
(CH(Ph)CHCHCH), 133.4 (CH(Ph)CHCH), 133.3 (CH2CHCH2), 132.7 (£H(Ph)CHCH), 
129.7 (ArCH), 128.7 (ArCH), 128.1 (CH(Ph)CH), 127.7 (ArCH), 126.4, 122.9 (2C, s, 
ArCH), 118.4 (CH2CHCH2), 69.4 (CH(ArN02)), 64.4 (CHCH2Q, 63.8 (£HCH2C), 53.3, 
53.2 «C02CH3H 53.2 (CH2CH!::.H2), 39.2 (CHCH2C); m/z 477 «M+H/, 15 %). 
2-Phenyl-cyclohepta-3,5-diene-l,1-dicarboxvlic acid dimethyl ester (264) 
2-( 4-Phenyl-buta-1 ,3-dienyl)-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.200 g, 
0.70 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). ZnBr2 (0.472 g, 2.10 mmol) was added and the reaction 
mixture stirred for 30 min at room temperature. The resulting mixture was filtered through 
a pad of celite and silica, then concentrated in vacuo, and the residue purified by flash silica 
chromatography eluting in petroleum ether-diethyl ether (3: I v/v) to yield the title 
compound as a colourless oil (0.196 g, 98 %); C17H1SOS, LRMS [EI]«M+H/), required 
287.1278, found 287.1279; V max (neat film)/cm·1 3058,3026,2951 (Sp3 C-H), 1741, 1737, 
1732 (C=O); OH (400 MHz; CDCI3) 7.11-7.25 (5H, m, ArC.!:!), 6.42 (lH, d, J 15.8 Hz, 
CH(Ph)CHC.!:!), 5.90 (IH, dd, J 8.9, 15.8 Hz, CH(Ph)C.!:!), 5.66-5.69 (lH, m, CHCH2C), 
5.54-5.57 (I H, m, CH(Ph)CHCHC.!:!), 4.25-4.29 (I H, m, CH(Ph)), 3.69 (3H, s, C02C!b), 
3.50 (3H, s, C02C!b), 3.33 (IH, dq, J 2.2, 17.4 Hz, CHCHHC), 2.69-2.75 (lH, m, 
CHCHHC); Oc (lOO MHz; CDCh) 172.4, 170.3 (£02CH3), 137.0 (ArQ, 132.4 
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(CH(Ph)CH.c.H), 131.4 (CH(Ph)CHCHCH), 128.5 ((.c.HCH2C), 128.5 (2C, s, ArCH), 127.5 
(ArCH), 127.2 (CH(Ph)CH), 126.3 (2C, s, ArCH), 64.2 (CHCH2Q, 54.2 (1 H, m, CH(Ph)), 
52.9,52.5 (CO&H3), 40.0 (CHCH2C); m/z 287 ((M+H)+, 9 %). 
3-( 4-Nitro-phenyl)-7 -phenyl-5,5a,6, 7 ,9a,9b-hexahydro-lH-pyrro1oI2,1-al isoindole-2,2-
dicarboxylic acid dimethyl ester (265) 
PhN02 
CO2 Me 
Ph c02Me 
1-Allyl-2-( 4-nitro-phenyl )-5-( 4-phenyl-buta-1 ,3-dienyl)-pyrrolidine-3,3-dicarboxylic acid 
dimethyl ester (0.050 g, 0.011 mmol) was dissolved in xylene (3 mL). The reaction was left 
to reflux for 5 d. The crude was then concentrated in vacuo and the residue purified by flash 
silica chromatography eluting in petroleum ether-diethyl ether (6: 1 v/v) to yield the title 
compound as a dark brown oil (0.023 g, 45 %); C27H2SN206. HRMS [FAB](M), required 
476.1947 fOLlnd 476.1941; Vmax (neat film)/cm,l 3002, 2976, 2894 (Sp3 C-H), 1737, 1732 
(C=O), 1514, 1335 (N02); OH (400 MHz; CDCh) 8.06 (2H, d, J 8.6 Hz, Ar!!), 7.50 (2H, d, 
J 8.6 Hz, Ar!!), 7.11-7.26 (5H, m, Ar!!), 5.94 (2H, s, CHCHCH(Ph)), 4.42 (lH, s, 
NCH(ArN02)), 3.73 (3H, s, C02C!:L), 3.36-3.40 (lH, m, CHCHC!:!.(Ph)), 2.99 (3H, s, 
C02C!:L), 2.86 (l H, t, J 8.1 Hz, CHCHHC), 2.53-2.68 (2H, m, CHCH2C and 
CH(Ph)CH2C!!), 2.44 (1 H, t, J 8.7 Hz, CHCHCHCH(Ph)), 2.35 (2H, dd, J 4.7, 11.9 Hz, 
CHClliN), 1.81-1.84 (1 H, m, CHCHHC), 1.73-1.78 (l H, m, CH(Ph)CHH), 1.63-1.69 (l H, 
m, CH(Ph)CH!!); oeC1 00 MHz; CDCh) 171.7, 169.0 (.c.02CH3), 147.4, 146.2, 144.1 (Arg, 
131.3 (CH.c.HCH(Ph)), 131.3 ~HCHCH(Ph)), 129.5, 128.3, 128.0, 126.2 (2C, s, ArCH), 
126.2 (Ar.c.H), 71.5 (NCH2CH), 71.1 (NCH(ArN02)), 68.2 (.c.HCH2C), 53.1 (C02C!:L), 
52.6 (CHCH2C), 52.2 (C02C!:L), 41.3 (.c.HCHCH2C), 39.5 (CHCHCH(Ph)), 37.0 
(NCH2CH), 35.5 (CH(Ph)CH2), Quaternary carbon, (.c.(C02CH3)2), not visible therefore 
not assigned; m1z 476 (M+, 4 %). 
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5-(4-Phenyl-buta-l,3-dienyl)-tetrahydroCuran-2,3,3-tricarboxvlic acid trimethyl ester 
(266) 
C02Me 
r--l--C02Me 
Ph 
o C02Me 
2-( 4-Phenyl-buta-1 ,3-dienyl)-cyc1opropane-l, I-dicarboxylic acid dimethyl ester (0.142 g, 
0.50 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry MeOH (5 mL). Ethyl glyoxylate (0.152 g, 0.75 mmol, 50% in toluene) and 
ytterbium triflate (0.926 g, 1.49 mmol) were added and the reaction mixture stirred for 8.0 h 
at room temperature. The resulting mixture was filtered through a pad of celite and silica, 
then concentrated in vacuo, and the residue purified by flash silica chromatography eluting 
in petroleum ether-diethyl ether (2: I v/v) to yield the two inseparable title compound 
diastereoisomers as a colourless oil (0.115 g, 62 %,1:1 d.r.); C20H2207, HRMS [EI](Mj, 
required 374.1366, found 374.1362; Vmax (neat film)/cm·1 3027, 2954 (Sp3 C-H), 1755, 
1742, 1738, 1732, 1728 (C=O); Assigned from combined spectrum (ii) 1 SI diastereoisomer, 
cis OH (400 MHz; CDCb) 7.14-7.33 (5H, m, ArCH), 6.64-6.74 (lH, m, CH(Ph)CHCH), 
6.50 (lH, d, J 15.8 Hz, CH(Ph)CH), 6.36 (lH, dd, J 10.3, 15.1 Hz, CH(Ph)CHCH), 5.67 
(1 H, dd, J 7.0, 15.1 Hz, CH(Ph)CHCHCH), 5.17 (1 H, s, CH(C02CH3)), 4.89-4.94 (1 H, m, 
CHCH2C), 3.79 (3H, s, C02Cfu), 3.69 (3H, s, C02Cfu), 3.67 (3H, s, C02Cfu), 2.92 (lH, 
dd, J 7.3, 13.1 Hz, CHCHHC), 2.29 (lH, dd, J 7.1, 13.1 Hz, CHCHHC); oe (100 MHz; 
CDCb) 169.9, 167.9 ~02CH3), 133.7 (CH(Ph)CHCH), 132.8 ~H(Ph)CHCH), 131.6 
(CH(Ph)CH), 128.6 (2C, s, ArCH), 127.8 (CH(Ph)CHCHCH), 127.8 (ArCH), 126.5 (2C, s, 
ArCH), 81.0 (CH(C02CH3)), 80.4 ~HCH2C)' 53.5, 53.3, 52.4 (C02rH3), 40.1 (CHCH2C), 
Quartemary carbons not visible therefore not assigned; (ii) 2nd diastereoisomer, trans OH 
(400 MHz; CDCb) 7.14-7.33 (5H, m, ArCH), 6.64-6.74 (lH, m, CH(Ph)CHCH), 6.50 (lH, 
d, J 15.8 Hz, CH(Ph)CH), 6.36 (lH, dd, J 10.3, 15.1 Hz, CH(Ph)CHCH), 5.86 (IH, dd, J 
8.0, 15.1 Hz, CH(Ph)CHCHCH), 5.00 (lH, s, CH(C02CH3), 4.49-4.55 (lH, m, CHCH2C), 
3.74 (3H, s, C02Cfu), 3.69 (3H, s, (C02Cfuh), 3.68 (3H, s, (C02C!:hh), 2.68 (1 H, dd, J 
6.1, 13.1 Hz, CHCHHCH), 2.56 (l H, dd, J 9.8, 13.1 Hz, CHCHHC); oe (100 MHz; CDCb) 
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169.9, 167.9 ~02CHl), 133.8 (CH(Ph)CHCH), 132.8 ~H(Ph)CHCH), 131.6 
(CH(Ph)CH), 128.6 (2C, s, ArCH), 127.8 (CH(Ph)CHCHCH), 127.7 (ArCH), 126.5 (2C, s, 
ArCH), 81.3 (CH(C02CHl», 80.7 ~HCH2C)' 53.6, 53.3, 52.5 (C02CHl), 39.5 (CHCH2C), 
Quaternary carbons not visible therefore not assigned; mlz 374 (M" 8 %), 314 (8 %), 255 
(14 %), 141 (100 %), 91 (47 %). 
2-(2-Methoxy-6-phenyl-hexa-3,5-dienyl)-malonic acid dimethyl ester (267) 
C02Me Ph~C02Me 
OMe 
2-( 4-Phenyl-buta-1 ,3-dienyl)-cyc1opropane-l, I-dicarboxylic acid dimethyl ester (0.142 g, 
0.50 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry MeOH (5 mL). p-nitrobenzaldehyde (0.113 g, 0.75 mmol) and ytterbium 
triflate (0.930 g, 1.49 mmol) were added and the reaction mixture stirred for 8.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo, and the residue purified by flash silica chromatography eluting in 
petroleum ether-diethyl ether (2: I v/v) to yield the two inseparable title compound 
stereoisomers as a colourless oil (0.101 g, 64 %, 2.6:1 d.r.); ClsH220j, HRMS [FAB]«M-
Ht), required 317.1389, found 317.1382; Vmax (neat film)/cm- I 3024,2951,2822 (Spl C-H), 
1754, 1736, 1732 (C=O); Assigned from combined spectrum (i) Major stereoisomer, E OH 
(400 MHz; CDCh) 7.12-7.36 (5H, m, ArC!:!), 6.68 (lH, dd, J 10.6, 15.4 Hz, 
CH(Ph)CHCH), 6.46-6.53 (\H, m, CH(Ph)CH), 6.25-6.32 (lH, m CH(Ph)CHC!:!), 5.53 
(lH, dd, J 7.6, 15.2 Hz, CH(Ph)CHCHC!:!), 3.66 (3H, s, C02Clli), 3.64 (3H, s, COzClli), 
3.53 (lH, t, J 7.6 Hz, CH(OCHl», 3.51-3.68 (lH, m, CHCHzCH), 3.17 (3H, s, OClli), 
2.01-2.18 (2H, m, CHClliCH); oe (100 MHz; CDCh) 170.0, 169.8 ~OZCH3), 137.0 
(Arg, 133.4 ~H(Ph)CHCH), 133.3 (CH(Ph)CHCH), 132.8 (CH(Ph)CH), 128.7 (2C, s, 
ArCH), 127.8 (ArCH), 127.8 (CH(Ph)CHCHCH), 126.4 (2C, s, ArCH), 79.6 ~H(OCHl»' 
56.5 (OCHl), 52.6 (2C, s, CO&Hl), 48.3 ~HCH2CH), 34.7 (CH.\;.H2CH); (ii) Minor 
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stereoisomer, Z OH (400 MHz; COCI3) 7.12-7.36 (SH, m, ArC!::!.), 6.96 (IH, dd, J 11.6, 15.2 
Hz, CH(Ph)CHCH), 6.46-6.53 (I H, m, CH(Ph)CH), 6.25-6.32 (I H, m CH(Ph)CHC!::!.), 5.26 
(IH, t, J 10.4 Hz, CH(Ph)CHCHC!::!.), 4.19 (IH, q, J 8.6 Hz, CH(OCH3», 3.68 (3H, s, 
C02Clli), 3.62 (3H, s, C02Clli), 3.51-3.68 (IH, m, CHCH2CH), 3.18 (3H, s, OClli), 2.01-
2.18 (2H, m, CHClliCH); oe (100 MHz; COCh) 169.8 (2C, s, C02CH3), 137.0 (ArQ, 
134.9 ~H(Ph)CHCH), 132.5 (CH(Ph)CHCH), 131.2 (CH(Ph)CH), 128.7 (2C, s, ArCH), 
128.0 (ArCH), 126.6 (2C, s, ArCH), 123.3 (CH(Ph)CHCH~H), 74.8 ~H(OCH3», 56.5 
(OCH3), 52.6 (2C, s, C02CH3), 48.3 (£HCH2CH), 34.7 (CHCH2CH); mlz 317 ((M-Ht, 3 
%), 189 (67 %), 129 (100 %). 
5-Buta-l,3-dienyl-2-styryl-tetrahydroruran"3,3-diearboxylie acid dimethyl ester (268) 
C02Me 
r--+--C02Me 
o 
Ph 
2-Buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (0.1 OS g, 0.50 mmol) 
was added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
OCM (5 mL). Trans-cinnamylaldehyde (0.198 g, 1.50 mmol) and ZnBr2 (0.337 g, 1.50 
mmol) were added and the reaction mixture stirred for 8.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo, 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (3: I v/v) to yield the two inseparable title compound diastereoisomers as a colourless 
oil (0.067 g, 39 %, 2.7: 1 d.r.); C2oH220 S, HRMS [FAB)((M-Ht), required 341.1389, found 
341.1395; Vmax (neat film)/cm· 1 2953 (Sp3 C-H), 1738, 1731 (C=O); Assigned from 
combined spectrum (ii) Major diastereoisomer, cis OH (400 MHz; COCb) 7.14-7.30 (5H, m, 
ArC.!i), 6.66 (IH, d, J 13.1 Hz, CHCH(Ph», 6.20-6.35 (2H, m, CH2CHCH and 
CHCH(Ph», 6.03-6.16 (IH, m, CH2CHC.!i), 5.78 (IH, dd, J7.3, 14.6 Hz, CH2CHCHC!::!.), 
5.05-5.20 (3H, m, ClliCHCH and CH(CHCH(Ph», 4.35 (I H, dt, J 7.3, 9.6 Hz, CHCH2C), 
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3.74 (3H, s, C02Clli), 3.54 (3H, s, C02Clli), 2.57 (lH, dd, J 9.6, 13.4 Hz, CHCHHC), 
2.46 (I H, dd, J 6.4, 13.4 Hz, CHCHHC); lie (100 MHz; CDCh) 170.7, 169.1 ~02CH3), 
136.4 (Arg, 136.0 (CH2CHCH), 133.7 (CH2CHCH), 132.7 (CHCH(Ph)), 131.9 
(CH2CHCHCH), 128.6 (2C, s, ArCH), 127.9 (ArCH), 126.7 (2C, s, ArCH), 125.0 
~HCH(Ph)), 118.6 (CH2CHCH), 82.7 (CH(CHCH(Ph))), 78.7 ~HCH2C), 65.0 
~(C02CH3)2)' 53.1, 52.7 (C02CH3), 40.0 (CHCH2C); (ii) Minor diastereoisomer, trans IiH 
(400 MHz; CDCh) 7.14-7.30 (5H, m, ArCJi), 6.52-6.58 (lH, m, CHCH(Ph)), 6.20-6.35 
(2H, m, CH2CHCH and CHCH(Ph)), 6.03-6.16 (l H, m, CH2CHCJi), 5.64 (l H, dd, J 6.8, 
14.2 Hz, CH2CHCHCJi), 5.05-5.20 (3H, m, ClliCHCH and CH(CHCH(Ph)), 4.75-4.82 
(lH, m, CHCH2C), 3.70 (3H, s, C02C!::b), 3.56 (3H, s, C02Clli), 2.89 (IH, dd, J7.2, 13.2 
Hz, CHCHHC), 2.10 (IH, dd, J 7.5, 13.2 Hz, CHCHHC); lie (100 MHz; CDCh) 170.8, 
169.2 ~02CH3), 136.5 (Arg, 136.0 (CH2CHCH), 133.1 (CH2CHCH), 132.5 (CHCH(Ph)), 
130.0 (CH2CHCHCH), 128.9 (2C, s, ArCH), 127.8 (ArCH), 126.6 (2C, s, ArCH), 124.9 
~HCH(Ph)), 120.0 (CH2CHCH), 82.2 (CH(CHCH(Ph))), 74.0 ~HCH2C), 64.9 
~(C02CH3)2)' 53.0, 52.7 (C02CH3), 40.4 (CHCH2C); mlz 341 «M-Ht, 3%), 115 (79 %), 
91 (84 %). 
6-Phenyl-ll-oxa-tricyclo!6.2.1.02, 7Inndec-3-ene-9,9-dicarboxylic acid dimethyl ester 
(269) 
o Me02+1~_-/h Me02C~ 
5-Buta-1 ,3-dienyl-2-styryl-dihydro-furan-3,3-dicarboxylic acid dimethyl ester (0.050 g, 
0.07 mmol) was dissolved in xylene (3 ml). The reaction was left to reflux for 5 d. The 
crude was then concentrated in vacuo. 
Unfortunately no evidence of the title compound was present with only starting material 
isolated quantitatively. 
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Iron tricarbonyI5-buta-l,J-dienyl-2-(toluene-4-sulfonylimino)-tetrahydrofuran-3,3-
dicarboxylic acid dimethyl ester (270) 
C02Me ~ r+C02Me~ 
1/ ~e(~oAN, N 
~s~ 
o 0 
Iron tricarbonyl 2-buta-1 ,3-dienyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester 
(0.085 g, 0.24 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Tosyl isocyanate (0.057 g, 0.60 mmol) and ZnBr2 (0.165, 
0.73 mmol) were added and the reaction mixture stirred for 2.0 h at room temperature. The 
resulting mixture was filtered through a pad of celite and silica, then concentrated in vacuo; 
and the residue purified by flash silica chromatography eluting in petroleum ether-diethyl 
ether (2: I v/v) to yield the title complex as a yellow-orange oil (0.039 g, 30 %); V max (neat 
film)/cm· 1 2052, 1976 (M-CO), 1738 (C=O); 1368, 1172 (S02); OH (400 MHz; CDCI3) 
7.82-7.86 (2H, m, ArCH), 7.24-7.28 (2H, m, ArCH), 5.54-5.59 (lH, m, CH2CHCH), 5.27-
5.30 (lH, m, CH2CHCH), 3.73 (3H, s, C02Clli), 3.64-3.73 (IH, m, CHCH2C), 3.62 (3H, s, 
C02C!iJ), 2.99 (l H, dd, J 8.0, 13.8 Hz, CHCHHC), 2.57 (l H, m, CHCHHC), 2.38 (3H, s, 
C!iJ), 2.22 (l H, ddd, J 0.9, 7.5, 10.9 Hz, CH2CHCHCH), 2.01 (IH, ddd, J 1.1, 3.4, 7.8 Hz, 
CHHCHCH), 1.36 (IH, bs, CHHCHCH); Oc (lOO MHz; CDCh) 166.7, 166.0 
(CCh02CH3)2), 164.9 (C=N), 145.5, 135.1 (At£), 129.5, 128.6 (2C, s, ArCH), 93.0 
(CH2CHCH), 86.3 (CH2CHCH), 62.3 Ch(C02CH3n), 59.1 (CH2CHCHCH), 58.1 
ChHCH2C), 54.0, 53.9 (C02CH3), 40.6 ChH2CHCH), 36.2 (CHCH2C), 21.8 ChH3). 
Mass ion not observed. 
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2-Formyl-3-phenyl-cyclopropane-I.I-dicarboxylic acid dimethyl ester (272)145 
Dimethyl bromomalonate (2.000 g, 11.98 mmol), cinnamylaldehyde (7.904 g, 59.88 
mmol), potassium carbonate (3.305 g, 23.95 mmol) and DMF (40 mL) were stirred 
vigorously for 2 d at rt. The mixture was treated with dilute HCI (15 mL) and extracted into 
DCM. The organic phase was washed with water (2 x 30 mL), brine (2 x 30 mL) and dried 
over MgS04• The organic phase was concentrated in vacuo and the residue purified by 
flash silica chromatography eluting in petroleum ether-diethyl ether (3:1 v/v) to yield the 
title compound as a yellow oil (1.977 g, 63 %); V max (neat film)/cm-I 3031,2954,2848 (Sp3 
C-H), 1745, 1741, 1737, 1731 (C=O); OH (400 MHz; CDCh) 9.43 (lH, d, J 4.5 Hz, CHO), 
7.15-7.24 (5H, m, Ar!:!.), 3.77 (3H, s, C02Clli), 3.74-3.80 (I H, m, CHCHCHO), 3.40 (3H, 
s, C02Clli), 3.33 (IH, dd, J 4.5,7.5 Hz, CHCHCHO); Oc (lOO MHz; CDCh) 196.1 (CHO), 
166.5, 165.1 ~02CH3), 132. I (ArQ, 128.5, 128.4 (2C, s, ArCH), 128.1 (ArCH), 53.4, 
52.9 (C02CH3), 44.6 ~(C02CH3h), 38.3 (CHCHCHO), 35.7 ~HCHCHO); 
2-Buta-I,3-dienyl-3-phenyl-cycIopropane-l,1-dicarboxylic acid dimethyl ester (271) 
Me02C 
~,I, .. <J--C02Me 
b 
Allyl triphenyl phosphonium bromide (1.753 g, 4.58 mmol) and DBU (1.160 g, 7.63 mmol) 
were added to a flame-dried RBF under an atmosphere of nitrogen and dissolved in dry 
THF (20 mL). 2-forrnyl-3-phenyl-cyclopropane-l, I-dicarboxylic acid dimethyl ester (1.000 
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g, 3.82 mmol) in dry THF (5 mL) was then added to the reaction. The reaction was then 
refluxed for 3.0 h. The reaction mixture was allowed to cool and then neutralised by the 
addition of aqueous sat. NH4CI solution. The organic layer was then separated and the 
aqueous layer extracted with ether (3 x 15 mL). The combined organic layers were then 
dried over MgS04 and concentrated in vacuo. The resulting oil was purified by flash silica 
chromatography eluting in petroleum ether-diethyl ether (2: I v/v) to yield the two 
inseparable title compound stereoisomers as a colourless oil (0.218 g, 20 %, 1.4: I E/Z.); 
CI7H 1S0 4 , HRMS [EI](Mj, required 286.1205, found 286.1202; Vmax (neat film)/cm- I 3087, 
3028, 2953 (C-H Sp3), 1737, 1731 (C=O); Assigned from combined spectrum (i) Major 
isomer, E IiH (400 MHz; CDCh) 7.12-7.28 (5H, m, Ar.!::!), 6.38 (lH, dd, J 10.6, 15.0 Hz, 
CH2CHC.!::!), 6.21-6.30 (I H, rn, CH2CHCH), 5.45 (I H, dd, J 8.8, 15.2 Hz, CH2CHCHC.!::!), 
5.14 (IH, d, J 16.4 Hz, CHHCHCH), 5.00 (lH, d, J 9.6 Hz, CHHCHCH), 3.71 (3H, s, 
C02Ct!J), 3.35 (3H, s, C02Ct!J), 3.31 (1 H, t, J 8.3 CH(Ph)CHCH), 3.12 (I H, t, J 8.4 Hz, 
CH(Ph)CHCH); lie (100 MHz; CDCh) 168.8, 167.8 (£02CH3), 136.2 (CH2CHCH), 135.0 
(CH2CHCH), 134.3 (Arg, 128.4, 128.3 (2C, s, ArCH), 127.8 (CH2CHCHCH), 127.4 
(ArCH), 117.1 (£H2CHCH), 52.8, 52.4 (C02CH3), 45.1 (£(C02CH3h), 36.9 
(£H(Ph)CHCH), 33.5 (CH(Ph)CHCH); (ii) Minor isomer, Z IiH (400 MHz; CDCh) 7.12-
7.28 (5H, m, Ar.!::!), 6.76-6.83 (lH, m, CH2CHC.!::!), 6.14 (lH, t, J 11.2 Hz, CH2CHCH), 
5.12-5.26 (lH, m, CH2CHCHC.!::!), 5.12-5.26 (2H, m, ClliCHCH), 3.70 (3H, s, C02Ct!J), 
3.36 (3H, s, C02Ct!J), 3.31 (lH, t, J 8.3 CH(Ph)CHCH), 3.12 (I H, t, J 8.4 Hz, 
CH(Ph)CHCH); lie (lOO MHz; CDCI3) 171.0, 168.6 (£02CH3), 134.3 (Arg, 133.6 
(CH2CHCH), 131.9 (CH2CHCH), 128.3, 127.5 (2C, s, ArCH), 127.4 (ArCH), 125.4 
(CH2CHCHCH), 119.4 (£H2CHCH), 52.8, 52.5 (CO,CH3), 45.2 (£(C02CH3)2), 37.6 
(£H(Ph)CHCH), 29.2 (CH(Ph)CHCH); mlz 286 (M+, 5 %),226 (41 %), 167 (100 %), 108 
(41 %). 
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2-Methyl-cycIopropane-l,1-dicarboxylic acid dimethyl ester (273) 
Also isolated was the title compound as a colourless oil (0.150g, 15 %); CSH120 4 , HRMS 
[EI](Ml, required 172.0736, found 172.0733; V max (neat film)/cm'! 3087, 3028, 2953 (Sp3 
C-H), 1737, 1731 (C=O); OH (400 MHz; CDCl3) 3.69 (3H, s, (C02C!iJ)2), 3.65 (3H, s, 
(C02C!iJ)2), 1.83-1.92 (lH, m, CH(CH3», 1.36 (lH, dd, J 4.6, 9.0 Hz, CHHCH(CH3», 
1.28 (lH, dd, J 4.6, 7.8 Hz, CHHCH(CH3», 1.04 (3H, d, J 6.4 Hz, CH(C!iJ»; Oc (lOO 
MHz; CDCb) 166.8 (2C, s, C02CH3), 52.4 (2C, s, C02CH3), 34.2 (£(C02CH3)2), 23.2 
(CH2CH(CH3», 22.3 (£H2CH(CH3», 13.6 (CH(CH3»; m/z 172 (M', 37 %), 141 (lOO %), 
108 (80 %). 
5-Buta-l,3-dienyl-4-phenyl-tetrahydroCuran-2,3,3-tricarboxylic acid 2-ethyl ester 3,3-
dimethyl ester and/or 4-Buta-l,3-dienyl-5-phenyl-tetrahydroCuran-2,3,3-tricarboxylic 
acid 2-ethyl ester 3,3-dimethyl ester (274) 
+ If 
COzMe 
GOzE! 
Ph 
2-Buta-1 ,3-dienyl-3-phenyl-cycIopropane-l, I-dicarboxylic acid dimethyl ester (0.100 g, 
0.35 mmol) was added to a flame-dried RBF under an atmosphere of nitrogen and 
dissolved in dry DCM (5 mL). Ethyl glyoxylate (0.143 g, 0.70 mmol, 50% in toluene) and 
ZnBr2 (0.236 g, 1.05 mmol) were added and the reaction mixture stirred for 8.0 h at room 
temperature. The resulting mixture was filtered through a pad of celite and silica, then 
concentrated in vacuo. 
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Unfortunately, with the spectroscopic evidence provided as a direct result from the reaction, 
it was difficult to deduce the structure of the compound. 
1-{[2-eth-l-enyl-l-(phenylsulfonyJ)cycIopropyl!sulfonyI}-benzene (275) 146 
To a stirred solution of sodium methoxide prepared from sodium (1.553 g, 67.56 mmol) 
and methanol (30 mL) was introduced bis(phenylsulfonyl)methane (10.000 g, 33.78 mmol) 
and left to stir for 5 min. A solution oftrans-I,4-dibromobut-2-ene (8.000 g, 37.16 mmol) 
in methanol (30 mL). The mixture was refluxed for 2.5 h and then cooled to room 
temperature. The white precipitate was filtered off and the filtrate was concentrated in 
vacuo to give an oily residue. The residue was partitioned between diethyl ether (20 mL) 
and distilled water (20 mL). The layers were separated and the organic layer was washed 
with water (2 x 30 mL), dried over MgS04 and concentrated in vacuo to afford a pale-
yellow oil. The oil was then purified by flash silica chromatography eluting in petroleum 
ether-diethyl ether (4:1 v/v) to yield the title compound as a white solid (10.523 g, 90 %); 
C17HI6S204, HRMS [FAB]«M+Ht), required 349.0568, found 349.0565; mp 108-110 QC 
(lit 107.5-108QC); Vrnax (neat film)/cm·1 3066 (Sp3 C-H), 1332, 1159,1137 (S02); OH (400 
MHz; CDCh) 7.88-7.90 (4H, m, (ArCH) 7.57-7.64 (6H, m, (ArCH), 5.92-6.01 (lH, m, 
CH2CHCHCH2) 5.23-5.36 (lH, m, ClliCHCHCH2), 3.14-3.21 (lH, rn, CHCH2), 2.27 (lH, 
dd, J 6.3,8.5 Hz, CHCHHC), 2.05 (IH, dd, J 6.3, 10.1 Hz, CHCHHC); OC (100 MHz; 
CDCh) 139.5, 138.7 (ArQ, 134.2, 134.1 (ArkH), 130.9 (CH2CHCH), 129.6, 129.5, 128.9, 
128.6 (2C, s, ArCH), 122.1 ~H2CHCH), 64.1 ~(S02Ph)2)' 32.8 (CHCH2C), 20.36 
(CHCH2C); m/z 349 «M+H)+, 100 %), 207 (9 %), 67 (18 %). 
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2,2-Bis-benzenesulfonyl-cyclopropanecarbaldehyde (276) 
To a flame dried flask, under an inert atmosphere, was added 1-{[2-eth-l-enyl-l-
(phenylsulfonyl)cyc1opropyl]sulfonyl}-benzene (1.600 g, 4.59 mmol) in DCM (20 mL). 02 
was passed through the solution at -78°C for 10 min. 03 was then passed through until the 
solution turned blue, at which point O2 was passed through until the solution returned to 
colourless. DMS (1.68 ml, 23.00 mmol) was added and the solution allowed to warm to 
room temperature and further stirred for 1.0 h. The solution was then washed with saturated 
copper sulphate solution (3 x 25 mL), brine (2 x 20 mL), dried over MgS04 and 
concentrated in vacuo to yield the title compound without further purification as a 
colourless, viscous oil (1.604 g, 96 %); V max (neat film)/cm- 1 3097,3065 (Sp3 C-H), 1714 
(C=O), 1334, 1324, 1158, 1133 (SOz); OH (400 MHz; CDCI3) 9.52 (IH, d, J 4.5 Hz, CHO) 
7.82-7.90 (4H, m, ArC!:!) 7.40-7.61 (6H, m, ArC!:!), 2.98 (lH, ddd, J 4.5, 8.4, 9.8 Hz, 
CH2CHCH), 2.59 (I H, dd, J 6.6, 8.1 Hz, CHHCHCH), 2.30 (I H, dd, J 6.6, 9.8 Hz, 
CHHCHCH); oe (100 MHz; CDCh) 193.7 ~HO), 138.5, 138.2 eArg, 134.9, 134.8 
(ArCH), 129.6, 129.5 (2C, s, Ar~H), 129.2 (4C, s, A~H), 66.0 ~(S02Ph)z), 36.6 
~HCH2C)' 18.3 (CHCH2C). 
No mass ion observed. 
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2,2-Bis-henzenesulfonyl HOE) huta 1,3 dienyIJcyclopropane (277) 
S02Ph 
~S02Ph 
To a solution of allyl diphenylphosphine oxide (0.647 g, 2.66 mmol) in THF (5 mL) and 
DMPU (0.682 g, 5.32 mmol), was added, drop wise, n- BuLi (2.5M in hexane, 0.71 mL, 
1.77 mmol) at -78 'C. The resulting solution was stirred at -78 'c for 10 min. 2,2-Bis-
benzenesulfonyl-cyclopropanecarbaldehyde (0.310 g, 0.88 mmol) was added over a period 
of 15 min at -78 'C. The reaction mixture was stirred at -78 'c for 10 min, at 0 'c for 30 
min and finally at 20 'c for 2.0 h, and then poured into ice cooled aqueous hydrochloric 
acid. The product was then extracted with hexane (3 x 20 mL). The combined organic 
layers were washed with brine (20 mL), dried over MgS04 and concentrated in vacuo. The 
oil was then purified by flash silica chromatography eluting in petroleum ether-diethyl ether 
(4: I v/v) to yield the two inseparable title compound stereoisomers, as a pale yellow oil 
(0.030 g, 9 %, I: I E/2); C19H18S204, HRMS [FAB]«M+HYl, required 375.0725, found 
375.0722; Vmax (neat film)/cm- I 3001,2952,2846 (Sp3 C-H), 1731 (C=O); Assigned from 
combined spectrum (i) 1st isomer, E OH (400 MHz; CDCh) 7.88-7.98 (4H, m, ArH.), 7.41-
7.64 (6H, m, Ar!:!), 6.15-6.43 (2H, m, CH2CHC!:!), 5.73 (lH, dd, J 9.3, 14.4 Hz, 
CH2CHCHCH.), 5.05-5.23 (2H, m, (lH, m, ClliCHCH), 3.18-3.25 (lH, m, CHCH2C), 2.28 
(lH, dd, J 6.3, 8.4 Hz, CHCHHC), 2.03 (I H, dd, J 6.3, 10.0 Hz, CHCHHC); Oc (100 MHz; 
CDCh) 139.2, 138.7 (ArQ, 137.6 (CH2CHCH), 135.6 (CH2CHCH), 134.1, 134.1 (ArCH), 
129.6, 129.5, 128.9, 128.5 (2C, s, ArCH), 125.8 (CH2CHCHCH), 118.7 (£H2CHCH), 64.1 
(£(S02Phh), 32.0 (£HCH2C), 20.6 (CHCH2C); 2nd isomer, 2 OH (400 MHz; CDCb) 7.88-
7.98 (4H, m, Ar!:!), 7.41-7.64 (6H, m, ArH.), 6.15-6.43 (2H, m, CH2CHC!:!), 5.53 (lH, t, J 
9.9 Hz, CH,CHCHC!:!), 5.05-5.23 (2H, m, CfuCHCH), 3.40-3.47 (IH, m, CHCH2C), 2.28 
(I H, dd, J 6.3, 8.4 Hz, CHCHHC), 2.03 (I H, dd, J 6.3, 10.0 Hz, CHCHHC); Oc (100 MHz; 
CDCb) 139.3, 138.8 (ArQ, 135.9 (CH2CHCH), 134.2 (2C, s, ArCH), 130.9 (CH&HCH), 
129.7 (4C, s, ArCH), 128.9, 128.5 (2C, s, ArCH), 123.1 (CH2CHCHCH), 120.7 
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~H2CHCH), 64.7 ~(S02Ph)2)' 27.8 ~HCH2C)' 21.3 (CHCH2C); rn/z 375 ((M+H)+, 26 
%), 136 (100 %), 93 (16 %), 57 (87 %). 
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Trans-iron tricarbonyl 5-Buta-l,3-dienyl-tetrahydroCuran-2,3,3-tricarboxylic acid 2-
ethyl ester 3,3-dimetIiyl ester, 198(b) 
C02Me 
r----i'- C02Me 
o 
Table I. Crystal data and structure refinement for sdrc1 O. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient ~ 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
o range for data collection 
Index ranges 
Completeness to 0 ; 25.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F'>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F'>2cr) 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest diff. peak and hole 
sdrclO 
C"H20FeOIO 
452.19 
150(2) K 
MoKa, 0.71073 A 
triclinic, P I 
a; 7.4917(12) A 
b; 10.4811(16) A 
c; 13.916(2) A 
992.6(3) A' 
2 
1.513 gicm' 
0.813 mm-I 
468 
a; 72.126(3)° 
~ ; 78.035(3)° 
y; 74.455(2)° 
colourless, 0.76 x 0.04 x 0.02 mm' 
2265 (0 range 2.85 to 26.48°) 
Bruker SMART 1000 CCD diffractometer 
ro rotation with narrow frames 
1.55 to 25.00° 
h -8 to 8, k -12 to 12, 1-16 to 16 
99.6% 
0% 
7243 
3482 (R".; 0.0381) 
2567 
semi-empirical from equivalents 
0.577 and 0.984 
Patterson synthesis 
Full-matrix least-squares on F' 
0.0479,0.1495 
3482/0/280 
RI ; 0.0432, wR2; 0.0929 
RI; 0.0694, wR2 ; 0.1046 
1.041 
0.000 and 0.000 
0.433 and -0.388 e A-' 
Table 2. Atomic coordinates and equivalent isotropic displacement param~ters (A') 
for sdrc I O. U" is defined as one third of the trace of the orthogonalized U'J tensor. 
x y z U"" 
Fe(l) 0.21852(7) 0.24771(5) 1.34954(4) 0.02 I 94( 16) 
0(1) 0.2724(3) 0.6601(2) 1.34803( 17) 0.0279(6) 
C(2) 0.3877(5) 0.7439(3) 1.2771(3) 0.0243(8) 
C(3) 0.4663(4) 0.6690(3) 1.1922(2) 0.0211 (7) 
C(4) 0.5054(4) 0.5198(3) 1.2563(3) 0.0228(8) 
C(5) 0.3478(5) 0.5159(3) 1.3472(3) 0.0243(8) 
C(6) 0.1901(5) 0.4594(3) 1.3385(3) 0.0220(7) 
C(7) 0.0833(5) 0.3927(3) 1.4282(3) 0.0260(8) 
C(8) -0.0454(5) 0.3246(4) 1.4164(3) 0.0297(9) 
C(9) -0.0574(5) 0.3251(4) 1.3165(3) 0.0330(9) 
C(IO) 0.5464(5) 0.7544(4) 1.3253(3) 0.0279(8) 
0(2) 0.6123(3) 0.8664(2) l.27096( 18) 0.0305(6) 
C(II) 0.7816(5) 0.8804(4) 1.3006(3) 0.0367(9) 
C(12) 0.8291(5) 1.0103(4) 1.2297(3) 0.0384(10) 
0(3) 0.6074(4) 0.6729(3) 1.3986(2) 0.0424(7) 
. C(13) 0.3169(5) 0.6999(4) 1.1224(3) 0.0242(8) 
0(4) 0.3624(3) 0.6090(2) 1.06767( 17) 0.0283(6) 
C(14) 0.2356(5) 0.6265(4) 0.9960(3) 0.0340(9) 
0(5) 0.1810(3) 0.7926(2) 1.11727(19) 0.0323(6) 
C(15) 0.6445(5) 0.7100(3) 1.1254(2) 0.0232(8) 
0(6) 0.6019(3) 0.8308(2) 1.05854(17) 0.0263(6) 
C(16) 0.7609(5) 0.8839(4) 0.9949(3) 0.0335(9) 
0(7) 0.7988(3) 0.6425(2) 1.13502(19) 0.0360(7) 
C(17) 0.1851(5) 0.0757(4) 1.3850(3) 0.0262(8) 
0(17) 0.1594(4) -0.0323(3) 1.4036(2) 0.0379(7) 
C(18) 0.4288(5) 0.1924(3) 1.4060(3) 0.0266(8) 
0(18) 0.5681(4) 0.1512(3) 1.4392(2) 0.0426(7) 
C(19) 0.3093(5) 0.2687(4) 1.2180(3) 0.0304(9) 
0(19) 0.3655(4) 0.2841(3) 1.1330(2) 0.0517(8) 
Table 3. Bond lengths [A] and angles [0] for sdrc I O. 
Fe(l}-C(IS) I.7S3(4) Fe(l }-C(l9) 1.7S3(4) 
Fe(I}-C(17) I.7S9(4) Fe(l}-C(S) 2.066(4) 
Fe(I}-C(7) 2.067(4) Fe(I}-C(9) 2.099(4) 
Fe(I}-C(6) 2.131(3) O(l}-C(2) 1.4IS(4) 
O(I}-C(5) 1.467(4) C(2}-C(l0) 1.524(5) 
C(2}-C(3) 1.547(4) C(3}-C(4) 1.527(4) 
C(3}-C(13) 1.53S(5) C(3}-C(15) 1.543(4) 
C(4}-C(5) 1.539(4) C(5}-C(6) 1.497(5) 
C(6}-C(7) 1.42S(5) C(7}-C(S) 1.405(5) 
C(S}-C(9) 1.410(6) C(IO}-O(3) 1.194(4) 
C(IO}-O(2) 1.344(4) O(2}-C(lI) 1.46S(4) 
C(11}-C(12) 1.49S(5) C(13}-O(5) 1.201(4) 
C(13}-O(4) 1.329(4) O(4}-C(14) 1.455(4) 
C(15}-O(7) 1.192(4) C(15}-O(6) 1.324(4) 
O(6}-C(16) 1.459(4) C( 17}-O( 17) 1.141(4) 
C( IS}-O( IS) 1.151(4) C( 19}-O( 19) 1.147(4) 
C(IS}-Fe(l}-C(l9) 101.16(16) C(IS}-Fe( I}-C( 17) 91.55(IS) 
C(19}-Fe(l}-C(l7) 100.90(16) C(IS}-Fe( I}-C(S) , 126.SS(16) 
C(19}-Fe(1 }-C(S) 129.61(16) C(17}-Fe(l}-C(S) 93.71(IS) 
C(IS}-Fe(1 }-C(7) 97.07(IS) C(19}-Fe(l}-C(7) 130.29( IS) 
C(17}-Fe(l }-C(7) 124.49(1S) C(S}-Fe(l }-C(7) 39.76(14) 
C(IS}-Fe(1 }-C(9) 166.09(16) C(19}-Fe( I }-C(9) 91.94(16) 
C( 17}-Fe(1 }-C(9) 90.S6(16) C(S}-Fe( I }-C(9) 39.SS(16) 
C(7}-Fe( I }-C(9) 70.S4(16) C(IS}-Fe(I}-C(6) 94.44(14) 
C( 19}-Fe( I }-C(6) 92.73(1S) C(17}-Fe(1 }-C(6) 163.76(14) 
C(S}-Fe( I }-C(6) 70.63(13) C(7}-F e( I}-C( 6) 39.72(13) 
C(9}-Fe( I }-C(6) SO.II(lS) C(2}-O(I}-C(S) 109.9(2) 
O(I}-C(2}-C(IO) III.S(3) O(l}-C(2}-C(3) 104.0(2) 
C( 10}-C(2}-C(3) 110.4(3) C(4}-C(3}-C(13) 113.0(3) 
C(4}-C(3}-C(IS) 112.0(3) C(13}-C(3}-C( IS) IOS.1 (3) 
C(4}-C(3}-C(2) 100.4(3) C(13}-C(3}-C(2) 109.S(3) 
C( IS}-C(3}-C(2) 113.S(3) C(3}-C(4}-C(S) 104.2(3) 
O(I}-C(S}-C(6) 107.6(3) O(I}-C(S}-C(4) 10S.0(2) 
C(6}-C(S}-C(4) 114.5(3) C(7}-C(6}-C(5) 120.0(3) 
C(7}-C(6}-Fe(l) 67.71(19) C(S}-C(6}-Fe( I) 122.7(2) 
C(S}-C(7}-C(6) 117.9(3) C(S}-C(7}-Fe( I) 70.1 (2) 
C(6}-C(7}-Fe( I) 72.6(2) C(7}-C(S}-C(9) 117.4(3) 
C(7}-C(S}-Fe( I) 70.2(2) C(9}-C(S}-Fe( I) 7I.S(2) 
C(S}-C(9}-Fe(l ) 6S.9(2) O(3}-C(IO}-O(2) 124.9(3) 
O(3}-C( 10}-C(2) 12S.I(3) O(2}-C(IO}-C(2) 109.9(3) 
C( I O}-O(2}-C( 11) 116.0(3) O(2}-C( II}-C( 12) 106.3(3) 
O(S}-C(13}-O(4) 12S.2(3) O(S}-C(13}-C(3) 12S.3(3) 
O( 4}-C( 13}-C(3) 109.S(3) C(13}-O(4}-C(14) 116.0(3) 
O(7}-C(IS}-O(6) 12S.4(3) O(7}-C(IS}-C(3) 124.0(3) 
O(6}-C(IS}-C(3) 110.6(3) C(IS}-O(6}-C(16) IIS.S(3) 
O(l7}-C( 17}-Fe(1) 176.7(3) O(IS}-C( IS}-Fe( I) 176.0(3) 
O( 19}-C( 19}-Fe(1) 17S.9(4) 
Table 4. Hydrogen coordinates and isotropic displacement parameters (N) for sdrc 10. 
x y 
H(2) 0.3113 0.8374 
H(4A) 0.629S 0.4938 
H(4B) O.SOIl 0.4S67 
H(S) 0.4007 0.4629 
H(6) 0.129(S) 0.S08(3) 
H(7) O.11 6(S) 0.376(3) 
H(8) -O.IOI(S) 0.274(4) 
H(9A) -0.OS7(S) 0.412(4) 
H(9B) -0.119(S) 0.269(4) 
H(IIA) 0.88SS 0.8007 
H(llB) 0.7S83 0.88S8 
H(12A) 0.8S02 1.0038 
H(12B) 0.9426 1.0239 
H(12C) 0.72S4 1.0882 
H(l4A) 0.1092 0.6248 
H(14B) 0.2778 0.SS18 
H(14C) 0.234S 0.7148 
H(16A) 0.848S 0.8841 
H(16B) 0.7167 0.9779 
H(16C) 0.8244 0.82S4 
Table S. Torsion angles [0] for sdrc 10. 
C(S}-O(I }-C(2}-C(1O) 
0(1 }-C(2}-C(3}-C( 4) 
O( I }-C(2}-C(3}-C( 13) 
0(1}-C(2}-C(3}-C(IS) 
C( 13}-C(3}-C( 4}-C(S) 
C(2}-C(3}-C(4}-C(S) 
C(2}-O(I}-C(S}-C(4) 
C(3}-C(4}-C(S}-C(6) 
C(4}-C(S}-C(6}-C(7) 
C(4}-C(S}-C(6}-Fe(l) 
C(19}-Fe(1 }-C(6}-C(7) 
C(8}-Fe(I}-C(6}-C(7) 
C(18}-Fe( I }-C(6}-C(S) 
C(17}-Fe(I}-C(6}-C(S) 
C(7)-Fe( I }-C(6}-C(S) 
C(S}-C(6}-C(7}-C(8) 
C(S}-C(6}-C(7}-Fe(l) 
C( 19}-Fe( I }-C(7}-C(8) 
C(9}-Fe( I }-C(7}-C(8) 
-87.8(3) 
-40.4(3) 
78.7(3) 
-160.2(3) 
-81.9(3) 
34.6(3) 
-8.7(3) 
100.2(3) 
ISI.7(3) 
70.2(4) 
162.9(2) 
31.6(2) 
16.6(3) 
127.9(S) 
112.3(4) 
-171.2(3) 
-116.0(3) 
106.7(3) 
31.4(2) 
z U 
1.2488 0.029 
1.2797 0.027 
1.2169 0.027 
1.4119 0.029 
1.280(3) 0.026 
1.493(3) 0.031 
1.473(3) 0.036 
I.2S8(3) 0.040 
1.307(3) 0.040 
1.2942 0.044 
1.3721 0.044 
I.IS93 0.OS8 
1.2461 0.OS8 
1.2373 0.OS8 
1.0326 O.OSI 
0.9626 O.OSI 
0.944S O.OSI 
1.0383 O.OSO 
0.9S42 O.OSO 
0.9493 O.OSO 
C(S}-O(I }-C(2}-C(3) 
C(I 0}-C(2}-C(3}-C( 4) 
C(1O}-C(2}-C(3}-C(13) 
C(10}-C(2}-C(3}-C(IS) 
C(IS}-C(3}-C( 4}-C(S) 
C(2}-O(I}-C(S}-C(6) 
C(3}-C( 4}-C(S}-O( I) 
0(1 }-C(S}-C( 6}-C(7) 
0(1 }-C(S}-C(6}-Fe(l) 
C(18}-Fe( I }-C(6}-C(7) 
C(17}-Fe(I}-C(6}-C(7) 
C(9}-Fe(I}-C(6}-C(7) 
C(19}-Fe(l}-C(6}-C(S) 
C(8}-Fe(1 }-C(6}-C(S) 
C(9}-Fe(I}-C(6}-C(S) 
Fe(I}-C(6}-C(7}-C(8) 
C( 18}-Fe( I }-C(7}-C(8) 
C(17}-Fe(l}-C(7}-C(8) 
C(6}-Fe(I}-C(7}-C(8) 
31.2(3) 
79.2(3) 
-161.6(3) 
-40.S(4) 
ISS.7(3) 
-131.1(3) 
-17.6(3) 
-92.0(4) 
-I 73.S(2) 
-9S.7(2) 
IS.6(6) 
71.4(2) 
-84.8(3) 
143.9(3) 
-176.3(3) 
-SS.2(3) 
-142.1(2) 
-4S.3(3) 
129.4(3) 
C( IS}-Fe( I }--C(7}--C( 6) 
C( 17}-Fe(1 }--C(7}--C(6) 
C(9}-Fe( I }--C(7}--C(6) 
Fe(I}--C(7}--C(S}--C(9) 
C( IS}-Fe( I }--C(S}--C(7) 
C( 17}-Fe(1 }--C(S}--C(7) 
C( 6}-Fe( I }--C(S}--C(7) 
C( 19}-Fe( I }--C(S}--C(9) 
C(7}-Fe( I }--C(S}--C(9) 
C(7}--C(S}--C(9}-Fe( I) 
C( 19}-Fe(1 }--C(9}--C(S) 
C(7}-Fe(I}--C(9}--C(S) 
O( I }--C(2}--C(1 O}--O(3) 
O( I }--C(2}--C( I O}--O(2) 
O(3}--C(IO}-O(2}--C(II) 
C(IO}--O(2}--C(II}--C(12) 
C( 15}--C(3}--C( 13}--O(5) 
C( 4 }--C(3 }--C(13}--O( 4) 
C(2}--C(3}--C( 13}--O( 4) 
C(3}--C(13}--O( 4}--C( 14) 
C(13}--C(3}--C( 15}--O(7) 
C(4}--C(3}--C(15}--O(6) 
C(2}--C(3}--C(15}--O(6) 
C(3}--C( 15}--O(6}--C( 16) 
C( I 9}-Fe(I}--C(17}--O(1 7) 
C(7}-Fe(I}--C(17}--O(17) 
C(6}-Fe(1}--C( 17}--O(17) 
C( 17}-Fe( I}--C( IS}--O( IS) 
C(7}-Fe( I}--C( IS}--O(1S) 
C(6}-Fe(I}--C(IS}--O(IS) 
C( 17}-Fe( I}--C( 19}--O( 19) 
C(7}-Fe( I }--C(I9}--O(19) 
C(6}-Fe( I}--C( 19}--O( 19) 
SS.4(2) 
-174.S(2) 
-9S.I(2) 
-55.4(3) 
49.3(3) 
144.0(2) 
-31.5(2) 
21.1(3) 
129.6(3) 
54.S(3) 
-163.9(2) 
-31.5(2) 
23.1 (5) 
-159.1 (3) 
5.4(5) 
179.4(3) 
-107.1(4) 
-52.3(3) 
-163.3(3) 
-17S.S(3) 
-137.3(3) 
169.4(3) 
-77.6(3) 
176.6(3) 
-49(6) 
110(6) 
9S(6) 
52(5) 
177(5) 
-143(5) 
127(1S) 
-30(1S) 
-44(IS) 
C(19}-Fe( I }-C(7}--C(6) 
C(S}-Fe(I}--C(7}-C(6) 
C(6}--C(7}--C(S}-C(9) 
C(6}--C(7}--C(S}-Fe( I) 
C(19}-Fe( I }--C(S}-C(7) 
C(9}-Fe(I}--C(S}-C(7) 
C(IS}-Fe( 1}-C(S}-C(9) 
C( 17}-Fe( I }--C(S}-C(9) 
C(6}-Fe(I}--C(S}-C(9) 
C( IS}-Fe( I }-C(9}-C(S) 
C( 17}-Fe( I }-C(9}-C(S) 
C(6}-Fe(I}--C(9}-C(S) 
C(3}--C(2}--C( IO}--O(3) 
C(3}--C(2}--C(IO}--O(2) 
C(2}--C( I O}-O(2}-C( 11) 
C(4}--C(3}--C(13}--O(5) 
C(2}--C(3}--C( 13}--O( 5) 
C( 15}--C(3}--C( 13}-O( 4) 
O(5}--C(13}-O(4}-C(14) 
C( 4 }--C(3}--C( 15}--O(7) 
C(2}--C(3}--C( 15}--O(7) 
C( 13 }-C(3}-C( 15}--O( 6) 
O(7}--C( 15}-O( 6}-C( 16) 
C( IS}-Fe( I }-C(17}--O(17) 
C(S}-Fe(I}--C( 17}--O(17) 
C(9}-Fe(I}--C(17}--O(17) 
C( 19}-Fe( I }--C(IS}-O(IS) 
C(S}-Fe(I}--C(18}--O(IS) 
C(9}-Fe(I}--C(18}--O(IS) 
C( IS}-Fe( I }--C(19}--O(19) 
C(S}-Fe(I}--C(19}--O(19) 
C(9}-Fe(I}--C(19}--O(19) 
-22.7(3) 
-129.4(3) 
1.0(5) 
56.5(3) 
-IOS.5(3) 
-129.6(3) 
17S.9(2) 
-86.4(2) 
9S.0(2) 
-3.6(8) 
95.2(2) 
-71.5(2) 
-91.9(4) 
S5.S(3) 
-172.4(3) 
12S.4(3) 
17.4(4) 
72.3(3) '. 
0.5(5) 
-12.'1(5) 
100.9(4) 
44.3(4) 
-I.S(5) 
-150(6) 
83(6) 
43(6) 
-49(5) 
14S(5) 
151(4) 
-139(1S) 
23( IS) 
36(18) 
Iron tricarbonyl l-allyl-5-buta-l,3-dienyl-2-< 4-nitro-phenyl)"pyrrolidine-3,3-
dicarboxvlic acid dimethyl ester, 219 
r'1 
Fe(COh N ( 
0121 
C02Me 
C02Me 
N02 
0(25) 
Table I. Crystal data and structure refinement for sdrc 11. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient f! . 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2> 2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest di ff. peak and hole 
sdrc 11 
C24H2.FeN20 9 
540.30 
150(2) K 
MoKa, 0.71073 A 
triclinic, P I 
a = 9.1411(10) A 
b = 10.8265(11) A 
c = 13.3298(14) A 
1223.1(2)A' 
2 
1.467 g/cm3 
0.672 inm-I 
560 
ex = 93. 770(2t 
~ = 102.517(2)° 
y = 106.528(2)° 
yellow, 0.33 x 0.20 x 0.03 mm' 
3261 (9 range 2.36 to 28.32°) 
Bruker SMART 1000 CCD diffractometer 
'" rotation with narrow frames 
1.98 to 28.99° 
h -12 to 12, k -14 to 14, 1-17 to 17 
99.2% 
0% 
10950 
5671 (R". = 0.0267) 
4019 
semi-empirical from equivalents 
0.809 and 0.980 
Patterson synthesis 
Full-matrix least-squares on F2 
0.0415, 0.6326 
5671/0/342 
RI = 0.0420, wR2 = 0.0897 
RI = 0.0716, wR2 = 0.1035 
1.019 
0.00 I and 0.000 
0.456 and -0.391 eA-' 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A') 
for sdrcll. U", is defined as one third of the trace of the orthogonalized Uij tensor. 
x y z U,q 
Fe(\) 0.16632(4) 1.29615(3) 0.39791(3) 0.02595(11 ) 
N(I) 0.0738(2) 0.93984(18) 0.17157(14) 0.02\8(4) 
C(2) 0.1384(3) 0.8290(2) 0.\8395( 17) 0.022\(5) 
C(3) 0.2750(3) 0.8751 (2) 0.28577(17) 0.0228(5) 
C(4) 0.2979(3) 1.0212(2) 0.30664( 18) 0.0232(5) 
C(5) 0.1303(3) 1.0263(2) 0.27221(17) 0.0222(5) 
C(6) 0.1171(3) 1.1603(2) 0.26289(19) 0.0254(5) 
C(7) -0.0\89(3) 1.1902(2) 0.27841(19) 0.0284(5) 
C(8) -0.0149(3) 1.3218(3) 0.2885(2) 0.0328(6) 
C(9) 0.1245(4) 1.4160(3) 0.2830(2) 0.0400(7) 
C(IO) -0.0982(3) 0.8972(2) 0.13376( 19) 0.0281(5) 
C(11) -0.1529(3) 0.8235(2) 0.02660( 19) 0.0296(6) 
C(12) -0.2624(3) 0.7104(3) -0.0007(2) 0.0363(6) 
C(13) 0.\926(3) 0.7907(2) 0.08983(17) 0.02\9(5) ., 
C(14) 0.1715(3) 0.6596(2) 0.06074(19) 0.0272(5) 
C(l5) 0.2306(3) 0.6209(2) -0.0 1929( 19) 0.0296(6) 
C(16) 0.3087(3) 0.7156(2) -0.06948(17) 0.0255(5) 
C(17) 0.3288(3) 0.8465(2) -0.04532( 19) 0.0274(5) 
C(18) 0.2698(3) 0.8828(2) 0.03599(18) 0.0264(5) 
N(2) 0.3758(3) 0.6753(2) -0.15318(\6) 0.0332(5) 
0(1) 0.4399(3) 0.7588(2) -0.200 12( 16) 0.0492(5) 
0(2) 0.3639(3) 0.5604(2) -0.17064(16) 0.0504(6) 
C(J9) 0.4227(3) 0.8436(2) 0.27320(18) 0.0258(5) 
0(3) 0.4068(2) 0.71849(\6) 0.2842\(\4) 0.0314(4) 
0(4) 0.5339(2) 0.91751(17) 0.25304(15) 0.0352(4) 
C(20) 0.5305(3) 0.6697(3) 0.2621(2) 0.0437(7) 
C(21) 0.2192(3) 0.8104(2) 0.37577( \8) 0.0249(5) 
0(5) 0.3292(2) 0.85630(17) 0.46395(13) 0.0309(4) 
0(6) 0.0924(2) 0.73411(18) 0.36947(14) 0.0405(5) 
C(22) 0.2843(3) 0.8139(3) 0.55717(19) 0.0350(6) 
C(23) 0.3725(3) 1.3524(3) 0.4079(2) 0.0368(6) 
0(23) 0.5045(2) 1.3906(2) 0.41328(19) 0.0594(7) 
C(24) 0.1566(3) 1.1755(2) 0.4839(2) 0.0309(6) 
0(24) 0.1562(3) I. 10172(19) 0.54128(\5) 0.0453(5) 
C(25) 0.1533(3) 1.4081(2) 0.4990(2) 0.0304(6) 
0(25) 0.1494(2) 1.4793 7( 18) 0.56498( \5) 0.0403(5) 
Table 3. Bond lengths [A] and angles [0] for sdrcll. 
Fe( I }-C(23) 1.780(3) Fe(l }-C(24) 1.790(3) 
Fe( I }-C(2S) 1.799(3) Fe(I}-C(7) 2.0S1 (3) 
Fe(I}-C(8) 2.0S3(3) Fe(I}-C(9) 2.113(3) 
Fe(I}-C(6) 2.128(2) N(I}-C(IO) 1.467(3) 
N(I}-C(2) 1.484(3) N(I}-C(S) 1.484(3) 
C(2}-C(13) I.S20(3) C(2}-C(3) I.S72(3) 
C(3}-C(l9) I.S23(3) C(3}-C(4) I.S34(3) 
C(3}-C(21) 1.537(3) C(4}-C(5) 1.520(3) 
C(S}-C(6) I.S01(3) C(6}-C(7) 1.422(3) 
C(7}-C(8) 1.411(3) C(8}-C(9) 1.407(4) 
C( IO}-C( 11) 1.497(3) C(11}-C(12) 1.311(4) 
C(13}-C(18) 1.386(3) C(I3}-C(14) 1.394(3) 
C(14}-C(IS) 1.387(3) C(IS}-C(16) 1.37S(3) 
C( 16}-C( 17) 1.382(3) C(16}-N(2) 1.482(3) 
C( 17}-C( 18) 1.392(3) N(2)-O(I) 1.219(3) 
N(2)-O(2) 1.219(3) C(19)-O(4) 1.196(3) 
C(19)-O(3) 1.342(3) O(3}-C(20) 1.4S1 (3) 
C(2I)-O(6) 1.198(3) C(2I)-O(S) 1.329(3) 
O(S}-C(22) I.4S3(3) C(23 )-0(23) 1.143(3) 
C(24 )-0(24) 1.142(3) C(2S)-O(2S) 1.144(3) 
C(23}-Fe(I}-C(24) 100.77(13) C(23 }-Fe( I }-C(2S) 99.87(1 I) 
C(24}-Fe(I}-C(2S) 89.31(11) C(23}-Fe(1 }-C(7) 131.S2(11) 
C(24}-Fe(I}-C(7) 97.7S(II) C(2S}-Fe(I}-C(7) I 24.8S(I I) 
C(23}-Fe(l}-C(8) 129.18(13) C(24}-Fe(I}-C(8) 127.92(12) 
C(2S}-Fe( I }-C(8) 94.89( 11) C(7}-Fe(I}-C(8) 40.23(10) 
C(23 }-Fe( I }-C(9) 91.17(13) C(24}-Fe(I}-C(9) 167.31 (12) 
C(2S}-Fe(1 }-C(9) 92.89(12) C(7}-Fe(1 }-C(9) 70.81(11) 
C(8}-Fe(I}-C(9) 39.44(12) C(23}-Fe(I}-C(6) 94.30( 11) 
C(24}-Fe(I}-C(6) 94.11(10) C(2S}-Fe( I }-C(6) I 64.SS(1I ) 
C(7}-Fe(I}-C(6) 39.74(9) C(8}-Fe( I }-C(6) 71.17( 10) 
C(9}-Fe( I }-C(6) 80.61(1 I) C( IO}-N( I }-C(2) 112.41(18) 
C( I O}-N(1}-C( S) 112.91(17) C(2}-N(I}-C(S) 107.79(17) 
N( I }-C(2}-C( 13) 112.67( 18) N(I }-C(2}-C(3) 104.S8(17) 
C(13}-C(2}-C(3) 113.23(18) C( 19}-C(3}-C( 4) 113.74(19) 
C(19}-C(3}-C(21) I 09.S0( 19) C(4}-C(3}-C(21) 108.43(18) 
C(l9}-C(3}-C(2) 112.12(18) C( 4 }-C(3}-C(2) 103.20(18) 
C(21 }-C(3}-C(2) 109.62(19) C(S}-C(4}-C(3) 10 1.99( 18) 
N(I}-C(S}-C(6) 113.20(19) N(I}-C( S}-C( 4) 10 1.11 (17) 
C(6}-C(S}-C(4) 114.SS(19) C(7}-C( 6}-C( S) 120.1(2) 
C(7}-C(6}-Fe(1 ) 67.21(13) C(S}-C(6}-Fe(l ) 120.48(17) 
C(8}-C(7}-C(6) 118.4(2) C(8}-C(7}-Fe( I) 69.97(1S) 
C( 6}-C(7}-Fe(1) 73.0S(14) C(9}-C(8}-C(7) 117.8(2) 
C(9}-C(8}-Fe( I) 72.S7(17) C(7}-C(8}-Fe( I) 69.80(1S) 
C(8}-C(9}-Fe( I) 67.99(16) N( 1}-C(1 O}-C( 11) 112.S2(19) 
C(12}-C(II}-C(10) 124.S(2) C( 18 }-C(13 }-C(l4) 119.3(2) 
C(18}-C(13}-C(2) 121.8(2) C( 14}-C( 13 }-C(2) 118.7(2) 
C(IS}-C(14}-C(13) 120.8(2) C(16}-C(IS}-C(14) 118.0(2) 
C( I S}-C(I6}-C(17) 123.3(2) C( IS}-C( 16}-N(2) 118.2(2) 
C( 17)-C( 16}-N(2) 118.4(2) C( 16)-C( 17)-C( 18) 117.5(2) 
C( I 3)-C(1 8)-C(17) 121.0(2) 0(1 }-N(2)-O(2) 124.0(2) 
O(1}-N(2)-C(16) 118.1(2) 0(2}-N(2)-C(16) 117.9(2) 
0(4)-C(19)-O(3) 124.9(2) 0(4)-C(19}-C(3) 125.3(2) 
0(3)-C(19)-C(3) 109.7(2) C( 19)-O(3}-C(20) 116.1(2) 
0(6)-C(2I)-O(5) 124.2(2) O( 6)-C(21 }-C(3) 125.6(2) 
0(5)-C(21 )-C(3) 110.2(2) C(21 )-O(5}-C(22) 115.71(19) 
0(23)-C(23}-Fe(l) 178.6(3) 0(24)-C(24}-Fe(l) 177.1(2) 
0(25)-C(25}-Fe( I) 177.9(2) 
Table 4. Hydrogen coordinates and isotropic displacement parameters (Al) for sdrc 11. 
x y z U 
H(2) 0.0548 0.7524 0.1954 0.027 
H(4A) 0.3440 1.0551 0.3811 0.028 
H(4B) 0.3660 1.0710 0.2652 0.028 
H(5) 0.0688 0.9860 0.3217 0.027 
H(6) 0.171(3) 1.202(2) 0.218(2) 0.030 
H(7) -0.105(3) 1.125(3) 0.291(2) 0.034 
H(8) -0.101(3) 1.348(3) 0.307(2) 0.039 
H(9A) 0.177(4) 1.406(3) 0.233(2) 0.048 
H(9B) 0.133(3) 1.504(3) 0.300(2) 0.048 
H(IOA) -0.1359 0.9743 0.1340 0.034 
H(IOB) -0.1451 0.8413 0.1817 0.034 
H(1I) -0.1050 0.8612 -0.0252 0.035 
H(12A) -0.3128 0.6698 0.0491 0.044 
H(12B) -0.2914 0.6691 -0.0703 0.044 
H(14) 0.1161 0.5959 0.0962 0.033 
H(15) 0.2174 0.5317 -0.0388 0.036 
H(17) 0.3809 0.9093 -0.0828 0.033 
H(18) 0.2826 0.9721 0.0548 0.032 
H(20A) 0.6331 0.7274 0.3022 0.066 
H(20B) 0.5264 0.6669 0.1879 0.066 
H(20C) 0.5155 0.5820 0.2814 0.066 
H(22A) 0.2833 0.7234 0.5601 0.053 
H(22B) 0.1791 0.8203 0.5559 0.053 
H(22C) 0.3603 0.8693 0.6183 0.053 
Table 5. Torsion angles [0] for sdrcll. 
C(IO}-N(l)-Q2)-C(13) 
CCIO}-N(l )-C(2)-C(3) 
N(l )-C(2)-C(3)-C(19) 
N(I)-C(2)-C(3)-C(4) 
N(I )-C(2)-C(3)-C(21) 
CC 19)-C(3)-C( 4)-C(5) 
C(2)-C(3)-C( 4)-C(5) 
C(2}-N(I)-C(5)-C(6) 
C(2}-N(I)-C(5)-C(4) 
C(3)-C( 4)-C(5)-C(6) 
C( 4)-C(5)-C(6)-C(7) 
CC 4)-C(5)-C(6}-Fe( I) 
C(24 }-Fe( I )-C(6)-C(7) 
CCS}-Fe( I )-C(6)-C(7) 
C(23}-Fe(1 )-C(6)-C(5) 
C(25}-Fe(I)-C(6)-C(5) 
C(S}-Fe(I)-C(6)-C(5) 
C(5)-C(6)-C(7)-C(S) 
C(5)-C(6)-C(7}-Fe(l) 
C(24}-Fe(I)-C(7)-C(S) 
CC9}-Fe( I )-C(7)-C(S) 
CC23}-Fe( I )-C(7)-C(6) 
C(25}-Fe(I)-C(7)-C(6) 
C(9}-Fe(I)-C(7)-C(6) 
Fe(I)-C(7)-C(S)-C(9) 
CC23}-Fe( I )-C(S)-C(9) 
C(25}-Fe( I )-C(S)-C(9) 
CC6}-Fe(1 )-C(S)-C(9) 
CC24 }-Fe(l )-C(S)-C(7) 
CC9}-Fe( I )-C(S)-C(7) 
C(7)-C(S)-C(9}-Fe( I) 
CC24 }-Fe( I )-C(9)-C(S) 
CC7}-Fe( I )-C(9)-C(S) 
CC2}-N(I)-C(l0)-C(lI) 
N( I)-C( 1O)-C(11 )-C(l2) 
C(3)-C(2)-C(13)-C(IS) 
C(3)-C(2)-C(13)-C(14) 
C(2)-C( 13)-C( 14)-C( 15) 
C( 14)-C( IS)-C( 16)-C( 17) 
C(15)-C( 16)-C( 17)-C(1S) 
C(14)-C(13)-C(IS)-C(17) 
C(16)-C(17)-C(IS)-C(13) 
CC I 7)-C(16}-N(2}-O( I) 
CC I 7)-C( 16}-N(2}-O(2) 
CC21 )-C(3)-C( 19}-O(4) 
C(4)-C(3)-C(19}-O(3) 
95.2(2) 
-141.3S(IS) 
-135.52(19) 
-12.7(2) 
102.7(2) 
157.7S(19) 
36.1 (2) 
162.14(19) 
39.1(2) 
-16S.IO(l9) 
-151.3(2) 
-71.6(2) 
97.IS(l7) 
-31.61(16) 
S5.7(2) 
-117.S(4) 
-144.2(2) 
16S.2(2) 
113.1(2) 
143.0S( 17) 
-31.27(16) 
24.S(2) 
I 78.32( 15) 
9S.54(17) 
56.3(2) 
-IS.3(2) 
SS.60( 17) 
-9S.23(17) 
-49.0(2) 
129.5(2) 
-54.9(2) 
5.5(6) 
3I.S5(15) 
-64.7(3) 
130.0(3) 
-79.0(3) 
97.4(3) 
-174.7(2) 
-Ll(4) 
I.S( 4) 
-1.1(4) 
-0.6(4) 
-3.1(3) 
176.6(2) 
-140.9(2) 
162.92(19) 
C(5}-N(I}-C(2)-C(13) 
CC5}-N(1 }-C(2)-C(3) 
CCI3)-C(2}-C(3)-C(19) 
CC 13)-C(2}-C(3)-C(4) 
CCI3)-C(2}-C(3)-Q21) 
CC21 )-C(3}-C(4 )-{:(5) 
CCIO}-N(1 }-C(5)-{:(6) 
C(1O}-N(1 }-C(5)-{:( 4) 
C(3)-C(4}-C(5}-N( I) 
N(1 )-C(5}-C(6)-C(7) 
N( I )-C(5}-C(6}-Fe(1) 
CC23}-Fe( I }-C(6)-C(7) 
CC25}-Fe( I }-C(6)-C(7) 
C(9}-Fe(I}-C(6)-{:(7) 
C(24}-Fe(I}-C(6)-C(5) 
C(7}-Fe(I}-C(6)-{:(5) 
C(9}-Fe(I}-C(6)-{:(5) 
Fe(I)-C(6}-C(7)-{:(S) 
C(23}-Fe(I}-C(7)-C(S) 
C(25}-Fe(I}-C(7)-{:(S) 
C(6}-Fe(I}-C(7)-{:(S) 
CC24}-Fe( I }-C(7)-C(6) 
CCS}-Fe( I }-C(7)-{:(6) 
CC 6)-C(7}-C(S)-C(9) 
C(6)-C(7}-C(S}-Fe(l) 
C(24}-Fe(I}-C(S)-C(9) 
C(7}-Fe(I}-C(S)-{:(9) 
CC23}-Fe( I }-C(S)-C(7) 
CC25}-Fe( I }-C(S)-C(7) 
C(6}-Fe(I}-C(S)-{:(7) 
C(23}-Fe(I}-C(9)-C(S) 
C(25}-Fe(I}-C(9)-C(S) 
C(6}-Fe(I}-C(9)-{:(S) 
CC5}-N(I}-C(10)-C(II) 
N( I )-C(2}-C( 13)-C( IS) 
N( I )-C(2}-C(13)-C( 14) 
C(IS)-C(13)-C(14}-C(15) 
CC 13)-C(14)-C( 15}-C(16) 
CC 14)-C(l5)-C(16}-N(2) 
N(2)-C( 16}-C( 17)-C( IS) 
C(2)-C(13}-C(IS)-C(17) 
CC I 5)-C(16}-N(2}-O(1 ) 
CC 15)-C( 16}-N(2}-O(2) 
CC 4)-C(3}-C(19}-O( 4) 
C(2)-C(3}-C(19}-O( 4) 
CC21 )-C(3}-C(19}-O(3) 
-139.69(19) 
-16.3(2) 
-12.5(3) 
110.3(2) 
-134.3(2) 
-SO. 1(2) 
-73.1(2) 
163.S9( 19) 
-46.0(2) 
93.5(3) 
173.22(15) 
-161.6S(17) 
-5.2(5) 
-71.20(17) 
-15.5(2) 
-112.6(3) 
176.2(2) 
55.1 (2) 
-105.1(2) 
4S.5(2) 
-I 29.S(2) 
-S7.11(l6) 
129.S(2) 
-0.3(4) 
-56.6(2) 
-17S.46( 16) 
-129.5(2) 
111.14(IS) 
-141.91(17) 
31.26( 15) 
I 65.S7(17) 
-94.IS(17) 
71.71(16) 
173.0S(19) 
39.5(3) 
-144.2(2) 
I.S(4) 
-0.7(4) 
17S.4(2) 
-177.S(2) 
175.2(2) 
177.3(2) 
-2.9(3) 
-19.5(3) 
97.2(3) 
41.4(2) 
C (2 }--C(3}--C( 1 9 }-O(3) 
C(3}--C(19}-O(3}--C(20) 
C(4}--C(3}--C(21 }-O(6) 
C(19}--C(3}--C(21 }-O(5) 
C(2}--C(3}--C(21 }-O(5) 
C(3}--C(21 }-O(5}--C(22) 
C(25)-Fe( 1 }--C(23}-O(23) 
C(8)-Fe( 1 }--C(23}-O(23) 
C(6)-Fe( 1 }--C(23}-O(23) 
C(25)-Fe( 1 }--C(24 }-O(24) 
C(8)-Fe(1 }--C(24}-O(24) 
C(6)-Fe( 1 }--C(24}-O(24) 
C(24 )-Fe( 1 }--C(25}-O(25) 
C(8)-Fe( 1 }--C(25}-O(25) 
C(6)-Fe(1 }--C(25}-O(25) 
-80.5(2) 
173.0(2) 
113.6(3) 
61.4(2) 
-175.17(18) 
173.36(19) 
-76(11) 
29(11) 
98(11 ) 
-65(5) 
-160(5) 
130(5) 
69(7) 
-163(7) 
172(6) 
O(4}--C(19}-O(3)-C(20) 
C( 1 9}--C(3}--C(2 1 }-O(6) 
C(2}--C(3}--C(2I}-O( 6) 
C(4}--C(3}--C(21 }-O(5) 
O( 6}--C(21 }-O(5)-C(22) 
C(24 )-Fe( 1 }--C(23}-O(23) 
C(7)-Fe(I}--C(23}-O(23) 
C(9)-Fe(l }--C(23}-O(23) 
C(23)-Fe(I}--C(24}-O(24) 
C(7)-Fe( 1 }--C(24}-O(24) 
C(9)-Fe( 1 }--C(24 }-O(24) 
C(23)-Fe( 1 }--C(2S}-O(25) 
C(7)-Fe( 1 }--C(2S}-O(25) 
C(9)-Fe(I}--C(25}-O(25) 
-4.7(4) 
-121.8(3) 
1.6(3) 
-63.2(2) 
-3.5(3) 
-167(11) 
82(11 ) 
17(11) 
35(5) 
170(5) 
-165(4) 
-32(7) 
168(7) 
-124(7) 
" 
